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THE WASTE OH SLAUGHTER AND THE RAGE 01' EIGHT 
Frank B Berra, 31 D , New York, X T 

Inhuuiau discord is th\ due delight, 

The waste ot "laughter aud the rage oi fight 
do\e to Mata— 

Homer a Iliad, Booh I\ 

tT SE£3Ia particulath httmg at this time to talk about the nnhtan problems 
1 ot thoracic suigen This Association, was toutnled at the dose ot Wot Id 
War I, onlt a few veais ago we concluded a second majot war, Woild War II, 
and are now enmeshed in another whose casualties aie ahead> oier 106 000 
Inasmuch as we shall piobablr continue in a military way of lue tor some 
wears hence, I behete, theieioie, we should assume ceitam responsibilities m 
the preparation ot Young men for then lutuie tasks in the Aimed Forces 

Military surgem is as old as man himself At the siege ot Tioa the Gieeks 
had two surgeons in then aruu and when one, Mach ion lorsook his primary 
calling and was wounded while joining his tellows in aims to repel a par¬ 
ticularly fierce assault by the Trojans, gieat constei nation tell upon the Gieeks 
lest thew lose bun 

A wise phvsieian stalled our wound to heal, 

Is more than armies to the public weal 

Idooieneus to Xestor— 

Homers Iliad, Booh All 

In his descriptions of the numerous battles m that matchless epic, Hoinei de¬ 
picts the battle wounds aud deaths wnth exquisite Amdness and anatomic pre¬ 
cision, and there is gieat diama, pathos, and exultation as he descubes the 
mortal wound 

Deep in his breast above the pap it neat, 

Arntd the lungs was fixed the winged wood. 

And quivering in his heaving bosom stood 

Thoas— 

_ Homer's Hiad, Book IVi 
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His lab 'ring heurt heaves with so strong a bound, 

The long lance shakes, and ubrates m the wound, 

Fast flowing from its source as prone he ln\, 

Life s purple tide impetuous gushed ana} 

Idomeneus slats the eoung Alcathous— 

Homer’s Iliad, Book AHF 

Then drew the weapon from the panting heart, 

Its reeking fibers clinging to the dart 

Patroclus slats Sarpedon— 

Homer's Iliad, Book XVTi 

The age of hand-to-hand combat peisisted foi still anothei twenty-five bundled 
eeais The onlj weapons to be added tteie the catapult and the ciossbow 
In a d 1215, howetei, a nett extiemelj potent and destiuctive agent ap 
peaied destined to change the entne chainctei ot aims and of tvai itself A1 
though fiist intiodueed by Genghis Khan against the Chinese gunpottdei was 
fust heaid ot in the West at the battles of Ciessy (1246) and Agincouit (1415), 
w hei e cannon and gunshot tt ei e employed 

The gunshot wound was fiist desenbed bj Buinschwig in 1497 and again 
a few teals latei lit Vigo as a poisoned oi envenomed wound This idea was 
hnallt dispelled bj Pei6, m 153G when he obseited that gunshot wounds 
diessed with simple emolients lan a fai moie kmdlt course than those tieated 
lit the standaid method of cauteiwation with boiling oil The smgeit ot gun 
shot wounds was stated with amazing clantj and tision bj an Elizabethan 
suigeon Thomas Gale in 1580 .aid heie is the ten essence ot debiidement as 

we know it todat Aftei pioting that the} weie not poisonous pet se he s.its 

lud tlwre are two intentions properh hereto belonging The oni is to deliecr the 
wound of ill such things ns ire not agreeing to mturc The other is restoring of 
sueli things ns are lost or perished I call tilings not ngriung with nature not onh 
shot iron splinters, or slners of wood cloth, dust oil, or such like, but also the 

tlots of blood lintter, bruised fli'li and such like ns lime no count) with niture 

Tht restoring ol that which is lost, is properh the olfic e of nature ns to engender 
fli'li blood, and such like parts us are to lie engtmli red Xotw ltlicfnnding the sur 
„ion herein is Xnture s minister und shall labor to bring the part to Ins ri 0 lit tem 
pirnture md it »o redue cd to i onserve it in tin s mie estate - 

Ag uu it was mote than two centimes latei that the ne\t gieat advance in 
imhtnn suigeiv w is made In an extiaoidin uil\ Inilliant voiing Ciench sui 
gum II iron Domimt[Ue Cat tec Not onh was Lai i e\ a vcis gieat suigeon 
hut he w is list) a most ibh ldmimstiatoi and a mihtuiv genius lie was a 
/e dons uhoeite ot piompt suigeie lot the stuoush wounded and stiongh 
condemned the pits ulmg eustom ot lc mug the wounded on the tit Id until 
liter the b it tit Tht it toit in 1797 during the Italian campaign he mtro 
due tel the fhing unhid uue Thu, innoi ition consisted of two- and tom 
wheeled unhid uuts with eompinus or men trained is littci heartis and m 
simple first ml lin isuits flit\ turitd tlu woundtti to toiwird dressing 
st ltioiis or unhid mtis while the stnoush wouiieled were operated upon anel 
tin ItsM I i isu titles e\ united to tin ri u \Vt thus see the germination ot 
tin tin 11 point sestein til lone irti singers triage tarh surgere lor the non 
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uanspovta ble mounded, and near-bj rear installations lor the trai^portables 
which was 1 esponsible m great measure tor the Yen consule^ e deuease n 
mortality in chest and thoiaco-abdonunal rounds m ^ orld ar II L. 
also noted that penetrating wounds of the chest with an opening largu • 
the glottis did badh He theiefore advised that these patients lie plated on 
the wounded side topeinnt the blood to dram out and that the chest be closed 
and described several such cases with dramatic implement and letOYcrs 
tollowmg this tieatment This was a trulv notable advance m the surgert of 
penetrating wounds ot the thorax, and the fiist leeogmtion ot the dangers ot 
an open chest 3 

Althongh an excellent English tianslation was available in 1S14, the 
Umted States Arms seems to hate profited little tioin the observations ot this 
remarkable suigeon At the outbreak of the Amencan Cnil War there were 
two two-wheeled ambulances assigned to each legnncnt but thej weie at the 
complete disposition ot the Quartermaster Department, the result w as that 
the Medical Depaitment rarelv, if ever, was able to use them On the lecom- 
mendation ot the Sanitaiv Commission, William A Hammond was appointed 
Suigeon General in 1S62 He was a man of eonskleiable vision and of great 
professional and executive ability, and prompth nominated Jonathan Lettei- 
man as his Inspector General When this appointment was not confumed b\ 
the Senate he named him Medical Dneetoi of the Army ot the Potomac To- 
gethei thev accomplished a 1 elision ot the whole evacuation svstem based on 
the experience ot Lauev, so that at Antietam all the wounded weie collected 
within twenty-foui hours Fuithenuore the tv pc of sick and wounded repoits 
instituted by them weie later of tremendous -value in compiling the Medical 
and Surgical History of the Wai of the Rebellion * 

In this war theie weie 253,142 wounds of which 20 607 (8 1 per cent) weie 
m the chest 5 This latio ot chest wounds to the total number has remained 
approximately the same in all the major wais during the past one hundred 
veal's with the exception ot Woild Wai I, when it diopped to 3 8 pei cent foi 
Cieat Britain and 2 5 to 5 pei cent toi the Umted States This is quite in¬ 
explicable in new of the Geiman Russian and French figmes ot 6 to 9 pei 
cent Again, m Woild War H oui incidence w as about 8 pei cent 

It is difficult foi us, ninety veal's latei, to pictiue the status of surgeiv in 
the war between the States Anesthesia was limited, antisepsis and asepsis 
undreamed of, our medical schools pooily organized and administered, theie 
was scant dissemination and exchange of medical knowledge, theie was no 
intern and residency tiaimng and no oidei and system at all within the Army 
he ovei-aii mortality foi 20,607 chest wounds was 27 8 pei cent, and for 
S 404 penetiatmg wounds 62 5 pei cent, chiefly Horn hemonhage and empyema 
As to thoracentesis "This operation was occasional lesoited to durm- the 
wai to iehe\e the effects of effusion lesultingfrom acute and chronic pleurisy 
and more frequently ou account of effusions consequent on tiaumatm pleura 
pneumonia or .he lodgment ot fore.gn bod.es tmbin the oZ Z' 

.l.ed tnenh »„u„ds »„.tag the dmph.agm ale , ec.rded, rect e„ », s r “' 
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Of the majoi vessels, theie weie twenty-five ligations of the subclavian 
arteiy with five leeovenes, and thirteen ligations of the axillaiy aiteiy with 
thiiteen fatalities All died ot seeondaiy hemonhage and sepsis, and 111 only 
two instances weie both ends of the aitery tied 5 

As we pioceed, we note that m 1892 a change m the type of aims occimed, 
the high poweied nfle leplaeed the old muzzle loadei, and about the same 
time the jacketed bullet appealed with the thm steel, nickel, oi coppei jacket 
The snigeon was the impoitant figure in the Civil War, but aftei tins he began 
to fade into insignificance with the use of sanitation and pieventive medicine 
The vital necessity foi these was emphasized duiing the Spanish and Boei 
wars, when typhoid was lampant and sanitation almost ml Thus we find oui 
selves at the thieshold of the twentieth centuiy with modem suigery m its 
eaily formative years, and sanitation and pieventive medicme just awakemng 
As we entered World Wai I, the treatment of wounds was not veiy diffeient 
from that of the Fianeo Geiman Wai ot 1870 diess the wound, diain, oi oc 
elude the part We weie completely nnpiepaied foi the extiavagant use of 
aitillery, high explosives, and high-velocity missiles that weie soon manifest 
aftei the outbieak of wai m 1914 Until that time the preponderance of 
wounds had been caused by bullets and low-veloeity missiles Now the pendu 
luui swung the othei way and 70 pei cent of the wounds weie caused by high 
explosives and high-velocity missiles 

Befoie the United States entered the wai, Pierre Duval of the French 
Airny made some impoitant observations 0 At the outbreak of the war it was 
taught that thoiacic wounds should not be operated upon until aftei the pa 
tient had leacted fioru his initial shock Duval, however, lealized the due 
lesults of this policy, and stated that the chief causes of death at the Aid Posts 
were hemoirhage and mechanical asphyxia due to an open thoiax, he furthei 
noted that the septic sequelae of shell wounds were far greater than in those 
from bullets, ivhich were fatal eithei immediately or else ran a relatively be 
nign course The moitality from the foimei was approximately 30 per cent, 
from bullet wounds somewheie between 5 and 15 pei cent In 3,453 hospital 
admissions in the Army areas the ovei-all death late of admissions to field 


suigical units was 20 pei cent, while the average moitality of chest wounds in 
the ioiwjid units ot the field hospitals was 45 pei cent He realized that it 
was difficult to st ite clearIj the indications foi immediate operation, but urged 
that it signs of hemoirhage persisted, the wound should be promptly opened 
and the damage sought toi and repaired, whether m the chest wall or lung 
Vs debiKlemcnt for wounds ot the sott paits and extremities was alieady being 
practiced with consideribic success lie stated that the lung and pleuia weie 
contaminated just like other wounds, and therefore the trcitmcnt should be 
the same In one series ot 500 e ises of hemothorax, 195 were infected and in 
i personal series ot 193 ot his own in the D ittle ot the Somme there were 49 
bullet wounds with no muettorw nul 144 shell wounds with 34 mtections Ip, 
ids nested nirthcr tint all shell wounds md retained foreign bodies be 
...o.until oiunted upon under loesl mnocm.e block uid tint the .best be 
e loscd tlghtls Without dr llll an ‘As technique liuproses he S„d “the 
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ffeneial »».•■«> oE g>„ S hot » omuls ,s l»»«e .> w tal little I.! HUl. to 
S 11 Lf Let vu tt«ie to hope that those oho tollow m om s.opa -) soon 

have nun} moie mmieious and luoie bnlliant successes 

Aa we entered the war we had Duval’s work upon which lo build, phis the 
general expeuence of both the Allies and the Geimans In 1917 a Special 
Services Blanch of the Medical Depaitmcnt ius established with eight di 
visions In the Ameuean Expeditions } Force, Genual Ordeis 88, Genera 
Headquaiteis, 1918, was the hrst oidei setting foitli this organization with a 
Dneetoi of Professional Sen ices appointed and the positions ot Chief Con¬ 
sultant of Medicine and Suigeij specified Paitlj because ot the times them- 
seli es, and partly because ot the epidemic ot influenza with pneumonia and the 
existing epidemics in the Camps m the United States ot measles and pneu¬ 
monia, attention was focused ehieflv on the tveutmeut ot infection, and this 
was paiticulaily so as regaLds the chest, and, us we know, empvemu became 
such a pioblem that the Emp\ ema Commission w as cieated 

Theie weie onlj 4,595, oi 2 5 to 5 6 pei cent, of chest wounds listed ot the 
total of 174,29G wounds 3 Nevertheless, the mortalitj in this gioup was 24 06 
pei cent, and of the penetiatmg chest wounds alone, 47 7 per cent in the 
Ameuean Army (Tables I s , II 10 , and III 10 ) All emphasis was placed upon the 
prevention and tieatment ot infection, paiticulaily the latter With the con¬ 
ditions as they were, and the hemolytic stieptocoecus and inspirator} infec¬ 
tions so prevalent, this was inevitable Still, as we look back upon that era, 
it is somewhat peiplexmg that more attention was not dnected towaul the 
physiology and the spatial dynamics of the chest Anesthesia, we lealize, was 
still limited and blood tianstusions, with the concept ot blood banks, weie just 
coming into being thiougli the work of Captain 0 II Robeitson, 8 but it was 
not until Woild Wai II that we weie to appieciate the full value ot both of 
these extiemelr important agents At that tune the indications for immediate 
opeiation of thoracic wounds were (1) aspirating wounds, (2) large letamed 
toieign bodies, (3) seieie injuries of the bone, (4) complicated lesions of the 
diaphragm, (5) extensive hemouhage and suspected infection—particulaily 
anaerobic A firm and antight pauetal elosiue w T ns miperatne 


Tvble I B vrm. Case vlties Mould War I 


Vbdowen and pelvis 

Thorax 

Face 

Genitals 

Head 

Heck 

Spine 

Back 

Upper extremities 
Lower extremities 
Unspecified 

Total ~ 


XCMBER 


PER CEVT 


3,540 
4,595 
S,b07 
798 
10,453 
594 
598 
2,553 
62,233 
78,032 
2 ,2S2 


174,29fc 


J Thoracic iL E 


2 0 
26 
5 0 

60 


36 0 
44 7 


DIED 


1,536 

1,105 

316 

69 

1,456 

65 

334 

308 

2,412 

5,722 

146 


PER CEXT 
43 3 
24 06 
36 
86 
13 9 
10 9 
55 8 
12 0 
3 9 
73 
64 


Current 
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Tcbie II World War I Hoche Bemew of Eleven Million Wounds in Armies oi 
Great Britain, France, United States, and Germany 


__ NUMBER ( PER CENT 

Thorax 660,000 6 0 

_ Mortality _ 56 0 

Berry F B Treatment of Injuries to the Chest Am J Surg IH 280 1941 


Table III World War I Hoche Wound Distribution in 12,350 Kilied in Actio 


PER CENT 

Head 

47 0 

Chest 

20 0 

Abdomen 

11 S 


Berry F D Treatment of Injuries to the Chest Am J Surg 04 280 1941 


Townicl the end of the wai in discussion m the Allied Medical meetings 
in Pans peimnnent an tight closuie was consideied impel ative with eontiol 
of pleuial effusions by closed diainage so as to penmt piompt pulmonaiv e\ 
pansion Theie was also a gi owing opinion m favoi of open opeiation in the 
tieatment of extensive hemothoiax, paiticulaily if massive clotting had ot 
cm led, though aspnation was the initial tieatment when possible, as it wns 
lecogmzed that it led to eaily lecoveiy and letuin to duty The bad lesults 
oi oigamzed hemothoiax weie noted, and also the fact that about 25 pei cent 
of the hemothoiaces became infected, hence thoiacotomy with mechanical 
pleuial cleansing and tight closme was lecommended This might be done 
initially accoiding to thiee methods hist, by meie d6bndement of the wounds 
ot entiance and exit, second, by a formal thoiacotomy at the site of election 
cnth lepau of the wounds of entiance and exit, and thud, with lemoval oi 
ioieign bodies and lesection md sutiue of lung when indicated At this time 
postopei itive antight diainage was adused as bettei than lepeated aspna 
tions, and eailj activity and ambulation lecommended Heie we ha\e at the 
close of the wai a ieiisimilitude of the tieatment adopted with such Inilhant 
lesnlts in tlie wai to come 

Dm mg these intei \ ening jeais we toigot the lessons that came out ot 
Woild Wai I and w ei e so abh st ited in the official medical histoi i of that w ai, 
and until the ldcent ot the sulionamules we continued to concern ouisehes 
with tlu treatment ot empvoini In aspnation closed diainige and li ligation 
In canons methods open thoiacotomy, and the collapsing opeiations toi 
chionic cmpctmi When this Association was toundecl empjemas liotli acute 
md chionic ucic so common and so much a pait ol the geueial suigical 
sclcicts that wc debated whcthei oi not tliec should lie included in thoiacic 
sm gc i \ 

Dili mil mjuiHs ot tlu lungs md plcuia wcic thufh ciuslmigoi caused 
lie hullits oi st ihhmg "*th sm ill insttumults such is ict picks The s nnc 
ajiplud to tlu lu ut mil tlu puuiidmm and m this 1 ittci held significant 
contributions win mule he Likin' 1 md l’.iggu ■" who ripoitcd to the As- 
soiiition m l't n md l‘l > s I r, im li is t\|»iritnci with a small gioup ot p i- 
ticlits with bullet wounds ot tlu chest Mom tile \<« York Point III pal tan lit 
Wt tks 13 ills oi Hi d pi ompt i \ u u it ion ut tin lu unit Inn ax anil u i sp liwnn oi 
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m 1942 we were lar bettei equipped than Re weie m 191 < In addition a t 
perhaps most important ot all, our intern and lesidencN ss stems nere at a lu„h 
stage of development with mam soung men well trained and reads to take 
over is here their predecessors had left off X. ntortonateh, boss es er although 
whole blood transfusions is ere treels used m nul practice sse had neglected 
to read anght the significance ot Robeitson's ssork a quarter ot a cen ur\ 
earlier, and instead had been killed into a sense ot false secunts In Mist con 
cepts ot blood substitutes Thus, as ssc entued World Wai II the uhoh 
emphasis is as placed upon plasma and the so-called blood substitutes and no 
pieparations had been made tor the use of whole blood m quantity 

WORLD \S SR 11 

We were catapulted mto the svar m three theaters, each ssith distinctls 
difterent tspes of isartare, which ui turn brought then own peciihai problems 
and diseases In all, boweser, tbe causative agents ot wounds were similar to 
World Wai I except that high explosises were tbe eausatne missiles m nearls 
80 per cent instead of 70 per cent as in World War I Foitunatels, picsentise 
medicine was at its best, so that there ssere no epidemics m the camps at home 
nor did we have to contend with a world-wide epidemic ot infiuc*ii7a Pneu¬ 
monia likewise had been on the decline tov mam seals, and ssc had the sul¬ 
fonamides as powerful therapeutic agents Fiom the stait theietore we 
weie not botheied bs' mlection, but were able to focus om attention upon the 
propei surgical treatment of tbe wounds on an anatomic and plnsiologic basis 
with early closuie and restoration to as nenils noimal function as possible 
It ssas realized fiom the start bs the thiee Theater Consultants E D Churchill, 
E C Cutlei, and W B Paisons, that the best presention ioi infection m 
wounds was the pioper initial singers It ssas tecognized sers calls also 
that plasma was no substitute toi blood, and it is a mattei ot tecord that the 
sanous hospitals in the overseas theateis used an eser-incieasing amount of 
whole blood m the treatment oi their casualties At first this blood was ob- 
tauved from the hospital personnel and also fiom the com alescmg and ambula¬ 
tors patients Colonel Chuichill was well aware of the necessits foi whole 
blood available in huge quantitv, and it was due to his persistence ot effort 
that the first blood bank was established in Naples which not oiils supplied 
tresh blood tor the Mediterranean Theater but also caied toi the needs ot the 
Seventh Arms during its invasion of southern France and until Us suppls was 
taken over bv the European Theater in Nos ember, 1944 

** rl gai 1 S lnjUnes and 1V0Unds of the chest undei the guidance of 

pleural LeTe It' > "T c “ ,e " 1 ' ' ,pm ,he lm S ,a »>" then on the 
" pl ' *>» Phrs.ologie distmbances modem to Pounding ,emitted 
p.omp, t«,Wt ,meett.ee m th , Bost foluard hospltal nm 


8 


THE JOURNAL OF THORACIC SURGERV 


lepaiatne suigeij and comalescent caie, with the lesult that only about 11 
pei cent ot those with thoiacic wounds develojied empyema 1J 16 The mdica 
tions lot foimal thoiacotomy at initial suigeiy weie (1) continuing intra 
pleuial hemonhage, (2) wounds of the tiaehea oi laigei bionchi, (3) wounds 
of the mediastinal oigans, (4) wounds involving the diaphragm, (5) piesenee 
of laige foieign bodies in the pleura 15 Foi the othei wounds only a local 
debridement and aspnation of the pleuia was peifoimed Decoitication was 
done latei as indicated in the empyema gioup and in the small leuiaming 
gioup ot nomnfeeted clotted hemothoiax cases Many in this Association 
contilbutecl much to these bulliant lesnlts 

In the Euiopean Theatei aftei the invasion a similai legime was followed 
Chest eenteis weie established in Gieat Britain under the dnection of Geneial 
Cutlei, the Theatei Consultant, and it was in one of these eenteis that Harken 1 " 
made his gieat contilbution to eindiac suigeiy, the safe removal of intia 
caidiac foieign bodies 

Although the final statistics of Woild Wai II have not yet been pub 
lished, in 20,000 chest wounds tieated up to 1944 the moitality was 81 pei 
cent 0 Peihaps the tieatment of thoiacic wounds leached its zenith fiom the 
spiing campaigns of 1944 to the close of the wai, because it was at about this 
time that penicillin became available in quantity, blood banks in the United 
States and in all theateis weie well established, and m the personnel of the 
hospitals and the auxiliaiy suigical teams weie a laige liumbei of well-trained 
suigeons who had piofited not only by their experience at home, but weie now 
also veteians in the surgeiy ot the trauma of war It was with such a gioup 
that I found myself m the Seventh Aimy (Tables IV and V° 17 ) In an anal} 
sis ot oiei 55,000 nounds tieated m the Seventh Aimy Hospitals from Oct 1, 
1944, to May, 1945, l * the field hospital platoons tieated 264 thoiaco-abdominal 
wounds (5 3 per cent) and 1,675 thoracic wounds (33 6 pei cent) In othei 
woids wounds lmohing the thorax comprised 38 9 pei cent of admissions to 
oui most torn aid hospital units On the othei hand, the evacuation hospitals, 
and at times sonic ot these weie within a halt mile ot the field hospital platoon, 
londeied pi mini y hospital tieatment to IS 7 patients (04 per cent) with 
thoiaco ibdomuial wounds and 2,645 (5 3 pei cent) with thoracic wounds— 

5 7 pei cent ot their admissions This is an example ot the pioper proportion 
of the woik loid m these two tepcs of hospitals The total number of thoiacic 
wounds amounted to 4 320, or 7 8 per cent ot oui wounded Ot the 1,675 dnect 
Emissions to the field hospitals, only 38 5 per cent lcquned toimal opeiatne 
siugcrc, md 59 pei cent were evacuated alter i esuscitation and aspiration to 
the c\ uuTtton hospitils, 2 5 per cent died betore operation could be ac- 
i omphslied 

As might be expected the moitaliU m these two field instillations was 
uitiuK difteicnt 1'or the field hospitals the mort ilitj ot the thoraco 
ibilonnn d e ises w is 26 5 per cent (m the 1 ist 200 e ises eared lor 1>> the 'see- 
tiiul Auxihars singleal gioup the mort ihte w is 20 per cent) iml 15 per cent 
in the e\ uuition ho-»pit iK with an our ill moitilite ot 217 pel eeut This 
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Table IV Petcentige of \\ 01 sds 

\cconiisr to 

l Vt S1TI1E A< rST-, 

I 


UK 1! }\l IOs!\L 

WAP j 

HI LLETs 

frkAGMFNTs, 

American. Civil 

90 10 

9 so 

World War I 



British 

3S OS 

bO 70 

American 

2S0o 

71 02 

World War II 



Pussian 

20 00 

SO 00 

Amercan 

19 JO 

SO 40 

Fifth Ann\ 



Seventh Arrni 



Korea 



r x 



Bullet** mortars grenades 

70 OOr 
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Btrrr F B Treatment of Injuries to the Chest. \m J Sum .*« 2Su 1311 

_ Tablf V Moptauty fpom C best A\ ot Ml-, 


American Civil War 
World War I XJ S.A. 

World War II, U S_A. 

U S Seventh Annv 
_Thoraco-ahdominal 

Carter B. X 


MTMBEE 



lo,no; 

4,595 


J Thoracic Srao Current Ob.enatlons on War W^inds of the Chest" 

Bern- F B Treatment of Injuries to the Chest. Y„ u J Sum 31 2S0 191 , 

T ered 

hospitals of only 5 . per ^ £ Z “I ?’ “ T* m0rtalm “ ^ Amn 
tion as to whether the wounds were penetrawV 016 ^ been "° dlfterentla - 
blast, as this was not considered when tabulah’ Pm ° ratuig ’ erus bmg 01 irom 
are similar in the hospitals m thTfon^d to " T ¥*** TheSe Statlstl - 
and European theaters m the last -rear of th ^ ^ tbe ^ Ietilterra nean 

ment over the earlier statistics up to 1944 lilh'^ sho ' v marked unprove- 

“ e the ma s™u of fire from the German* ^ ° Ur men were reeen * 

-om the air, with the causative agent g^ ”“**■ and 
the Fifth Army 13 and 75 2 p er cent m th P T eXpIosiT * *^es m 

luting factors, I believe, to this really J A ™ y *' The eluet con- 
“ g ail l 1 * dl the many surgeons mv^d T ^ &st ’ tram- 
on afforded us with the fine judgment brer! T^' ^ exceUent «suscita- 

sSedatTt 6 ^ 6 ° f the Physiological nee^ 6Xpenence ^ sound- 

“ Ued and effective triage by the , the human bodv, third the 

ei t“ se “ d a « •sssrscr'- fowh ’ ,he tod! 

" ,T ' d ,ha * ,he 

w «e or nltra-pnme importance 
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I have dwelt upon these lesults in the last 3 ear of Woild Wai II at some 
length Although the official medical histoiy of Woild Wat II has not yet 
been published by the Office ot the Suigeon Geneial, the whole conflict is fiesh 
in the minds of many, and the many excellent aitides that hare appealed pio 
vide easy leference foi the new geneiation of suigeons that has come upon the 
scene within the last six yeais During this peiiod also there has been fai 
closet coopeiation between the Offieeis ot the Suigeon Generals and the civilian 
piofession thiough the Society of Consultants of Woild AVai II, the Medical 
Advisoiy Council to the Secietaiy of Defense, the less foimal suigical dubs 
ansing fiom the war, liason between the Surgeon Geneials’ Offices and the 
medical schools, the Committee on Medical Sciences of the Resealch and De 
relopment Boaid, and with the establishment ot the Section on Mihtaiy Medi¬ 
cine by the Amencan Medical Association 


kore \. 


Neveitheless, when the Ixoienn conflict began m June, 2930, theie 11 ns 
neithei piepniation, available peisonnel, 1101 the necessaiy medical units 
Theiefoie, those m chaige, puiticulaily in Tokyo, had to make the best of iw 
cxtiemeh difficult situation The field hospital with its thiee platoons hid 
been abandoned m tavoi of the Mobile Aimj Suigical Hospital (MASH) 
which vas constituted to accommodate pnoiit} I suigical patients with the 
concept that it should be placed adjacent to the cleaning station, as had been 
the field hospital platoon Its peisonnel consists ol a fixed complement ol 
about twehe Medical and thiee Medical Sen ice Offieeis The Commanding 
Officei a Lieutenant Colonel is listed as an expenenccd suigeon o) B g 1 ide 
Theie ueie no auxilian suigical teams, and ioi some lC ason these vcie no longei 
legalded in sen high lavoi, as it was thought that the M A S II unit uith its 
mtunsic peisonnel could handle existing situations without difficulty The 
M A S H units ueie assigned to the Arms Surgeon tor attachment at tin iat< 
ot one per dmsion These units, lion ever had neie. been assembled txiept 
on nape, ruithennoie, ns the n u broke there was but one csacuahon hospi 
tal m existence in the United States hence the Surgeon »f the bar hasten, 
command m Tapan h ul to do h.s best with the meager facilities at hand In 
addition to u lack ot nccessa.y units and the superb field medical organ,/a 
lion that existed in 1944 and 1943, personnel had been putd to he bone and 
mam offieeis were m 01 just finishing lesidencics m the re educational p J0 
-mm ot the Ann> This happih provided a small nucleus of well n „ned 
capable specialists m the v irious hr niches ot the medical profession 

Korea itselt pusented 1 special situation It is 1 narrow penmsula u, (h 
seeur.l high mount an , ingis running north .ml south and .cep 1 ,l)e\s n 
he twee 11 The mountaim van iron, 1 tew hundred to seven or eight horn 
K et m height m.l m steep ind m large me .sure ha,re,, There are two r ,ui 
ro ids up the pemusiil, one through the 1 ,rgc ee ntr ,1 mile % u.d one along th, 
e est eo st The north .ml south ro ids lollowed a simll ir eolirse m.l w iri not 
V hot, w.re I.r-th the work ot the J .pamse during them occupy 
Tlw'n w'.re ilinost no liter ,1 eommunu .ting ro Ms due to the terrm, Use), 
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This loicecl all niffitaix traftic oxer these tew roads ami tlm two i nhoads 
which soou began to detenoiate unde, the rtiain In ,,Ket 1 ** 

desperate situation in the best manner possible, and m xiexx ot the tact . 
the United Nations Forces xxeie in a moxement ot iapnl retieat something had 
to he done m a hurrx Theretore, M A S H units w ci e hastdx org mixed and 
blotrn up mto small mobile exaeuation hospitals as an einei guicx me lsurc so 
that each xxas theoretically able to caie tor tx\o huudied patients although at 
times they had six hmulied All patients passed through them on the wax to 
the rear thus creating a bad situation tiom the start in that these hospitals 
had to perrorm triage, pnontv I, and priority II surgerx IS 19 Obxnmslx 
mage suffered somewhat and priority II singeix siiffeied the most (Table VI) 


Table VI Kepopt of 1L It, Iclx o Dlceubei 31, 1'>j0 


Adnuisions 


s,577 

Patients operated 


I all. 

Xumber of surgical procedures 



Laparotomies 

”1 


Thoracotomies 

00 


Amputations 

5M 


Head cases 

10 


Debridement? 

i in 


Xumlier oi pints of whole blood med 


1 tos 

Deaths 


lit 


Modified from Bowers XX C Merchant, F T and Jud> K H Thu Present Story on 
Battle Casualties from Korea. Surg Gynec. A Obsc 03 529 1951 


At tunes great contusion pi e\ailed, but with the able support ot the Air 
Force and the Navy an excellent exaeuation serxice was soon in opeiation 
and hospital ships were dispatched to Pusan to lunction as stationarx evacua¬ 
tion and station hospitals The required personnel x\ ere gathered irom the 
small group xnthin the Regular Army, irom those who xolunteeved lor ex¬ 
tended duty and certain doctors xvho were called m on an mxoluntarx basis 
either smglr or as members ot Reserve Units The hospital system m Japan 
xxas expanded at the same time and ably though thinly staffed and, in order 
to assure the best possible care in the earlier months, emphasis xvas placed on 
ex acuatiom This xvas both easy and costly, how ever Inasmuch as the planes 
xeere returning empty to Japan, Hawaii, and the United States, there was 
plenty oi room ior the xvounded and ill, and unquestionably in the early days 
better care was ax affable m those places than in the crowded hospitals 'ot 
txorea But at the same tune many xvere evacuated xvho could easily hare 

>een kept either within the combat area or the lorxxard part oi the zone ot 
communicahon had proper hospitalization been available Selective rather 

XX e could be oi further assistance and so repo’rt to you * ° ^ " iat WaT 
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I traveled liom the Battalion Aid Stations of the Marines thiough the 
hospitals of Koiea, Japan, and Okinawa Pnst, I should like to give ume 
served praise to the moiale of all the troops, then snpeib logistical suppoit, 
and the extiaordinary woik of the engineers m lmpiovmg the loads and in 
cutting new loads so that now almost all, even those winding thiough the 
mountains, aie two-lane highways for trucks Theie was excellent spnit m 
all the United Nations Medical Units in all Coips aieas, East and West, and 
the suppoit and eaie rendeied by these oiganizations, not only oui own tlnee 
Sei vices, but also Norway, Sweden, Denmark, and India merit the highest 
piaise As you know, the fiont was quiet m December, and the suigeon of 
the Fai Eastern Command was in a quandaiy as to what to do with hrs hospi 
tals, which wei e admittedly out of position at that time with the MASH units 
about twenty miles behind the lines, because should an aimistice be agieed 
upon emphasis would be placed on caring foi the returning American pnson- 
eis On the other hand, if war weie to continue, some le arrangement of 
hospitals and additional peisonnel would be required 

Koiea is a desolate and lonely place Fiorn the standpoint of oui medical 
units, each is more 01 less isolated, but the peisonnel are brought together 
once a month for medical meetings m each corps area These have been a 
godsend, as communication between the units is difficult There is little emo 
tional dme to create enthusiasm, and all the men aie looking forwaid to the 
time when they can leave Koiea This personnel has been held to a bare 
minimum, in Decembei there weie only 49 experienced geneial surgeons in 
fifty hospitals in the entile Fai Eastern Command, and 13 experienced oitho 
pedists and 2 neuiosuigeons These included the consultants both from Gen- 
eial Headquarteis and the Eighth Aimy 20 The remaining 122 general sui 
geons weie interns and men partly thiough then residencies, together until 
some who had been in general practice with an interest in sui gerv The pei 
sonnel of the MASH units was so scant that there was little attempt at oi- 
ganizatiou into teams The problem was made still more difficult by the fie 
quent shift in both officeis and enlisted men Both the theater and arnia 
consultants are doing almost superhuman work in coaeung the hospitals and 
instructing, attending medical meetings, and keeping up with their repoits 
In addition, thex travel each month with the visiting Consultants from the 
States The jouug men in all the hospitals are eager for infoimal discussions 
and talks about their work and problems Some in the hospitals in the com 
munication zone were requesting sera ice in the Eighth Armj units This so 
ini pi essed us that a policj was established wherebj all new arrnals would first 
ha\e sen ice in the hospitals in the rear so as to indoctrinate them in the prob 
lems ot lorward surgerj and the mistakes that might be made Aftei a period 
ot seaoral montlis tlica are then to be sent to the Eighth Arrm and its installa 
tions It is belie\ed that with this training thc\ will do eten bettei work in 
tilt combat zone It has not been possible to adhere to the original organize 
tion oi the M A SII units, with the result that some of the commanding 
officers are not surgeons at all which therein diminishes bj one the alrcad\ 
limited surgical personnel Also some are not interested in teaching the 
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vounger men on them staff. The gieatest detuicno that both nn ^utt^or 
and 1 tound was ignorance ot the pathologt ot the high-ielouti wound and 
the reason and necessiU tor cat etui debridement LU md 1 irgi the major 
wounds, such as those ot the abdomen md chest weie well caicd ten ilthough 
here again there was a iatluie to realize atul also to absoib lroin the teachings 
ot the oterworked consultants the turn! linental surgical pi maple th it each 
compartment ot the bodt must be eared tor in wounds me oh mg more than one 
area such as thoraco abdominal injuries and wounds tmohtng the buttocks 
rectum aud hladder This ot course iCsiiltcd in complications that presented 
extraordinarily difficult ptoblems These wue being so well handled In the 
suieeons in the real hospitals that it was evident th u thei were trequenth 
having to correct the deficiencies ot the initial surgen 

It is not a ranction ot this paper to go into the suigical specialties but in 
passing I should like to pat tnbute to the realK outstanding peviormance ol 
the neuiosurgeons who alreadt hate two teams oi doctom, nurses, and enlisted 
oieu with a small amount ot housekeeping equipment in the mrwarcl areas 
and the Nenrosuigtcal Center m Tokvo I hate netei seen a gioup ot patients 
so well. thoughmiUv and considerately eaied xoi As to om own woik there 
is a Thoracic Centei in Tokto Armt Hospital which was well supported In the 
C'hiei or burgerv and ablv conducted In the surgeon m charge 

I was somewhat disappointed in the attitude ot some oi the tounger men 
in the iorward hospitals that their time was being wasted and the\ were bored 
at being toreed to concern themselves with the suigen ot trauma This was 
brought acutely to mind bv one ox mv own residents who was about hallw;n 
through his residency and had been with a toiward unit tor eight months He 
told me that he considered his entire time spent with that unit which had al¬ 
ways been extremely active as just so much tune wasted as tegards surgerv 
I believe this attitude is the iault oi us at home Perhaps w e should pause and 
consider u the definition oi surgerv as giien bv Theodom m the thirteenth 
centum is not just as true today possibh more so, as it was then He said 
surgem consisted ot three parts (1) the joining together oi broken parts, 
(2) the separation ot parts unnaturalh joined, and (3) the removal ot what- 
ecer is superfluous ~ Have we paid too much attention to the last two 
and neglected the first * Certainly the desire ot all voting surgeons today is 
to remove and remove until there is not much leit because somehow or other 
it seems to be more interesting to subtract than to restore But is this a true 
criterion ox the surgeon? I would remind them ot the wisdom Dr Xathan 
Gieeu onered m his presidential iddiess m 1924 ‘ It is ot a subtler qualitr 

ot the mind to know when and when not to operate than to know the technique 
or procedure M 

Quite apart irom battle casualties, in the first vear »ruJ y-u tt 
< h,« we 22 TOO road acudems =■ Xu DecemberA ” 3”, ak “ , Korea 
de.,1, ™ the automobile and du™. mi 93 m men tTV J "' 0 ”" ,oml ‘ 

and motor vehicle acctdeuta uotc account lot about 
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a year On the othei hand, our one millionth death in war since the Battle of 
Lexington oecuned on Sept 4, 1951, m Xoiea 20 With the exception of the 
foimation of the Association for Tiauma, which is becoming increasingly ini- 
poitant, and committees of the Amieiican College of Suigeons and National 
Reseaieh Council, we tend to negate the treatment of trauma in our better 
teaching hospitals and not infrequently men will pass through an entire resi¬ 
dency in geneial surgery without ever having to face the problem of the 
senously mjuied patient This was bi ought out somewhat forcibly two years 
ago at the oral examinations foi the Amenean Boaid of Surgery when two 
candidates piesented themselves befoie another examiner and me Each had a 
patient who had been struck by an automobile, and in each instance there was 
a fiactuied pelvis, a common enough injury on the roads or in industry Both 
of these young gentlemen had giaduated from good schools and had then 
residencies in teaching hospitals, still, it lequired a good deal of plodding and 
piompting on oui pait to get them to recommend any othei treatment than 
that they would call an oithopedie consultation The uiological aspect did not 
entei then mmds and, when asked about the possibility of bladder injury, 
why of eouise a mologist would also be called m consultation When pushed 
to the point of what they would do themselves if the faeikties of the medical 
center weie not available, they each decided they would merely put a dram 
down to the opening in the bladder were it injuied I have recently had a 
coin ersation with anothei young man who had spent nine years in a residency 
in anothei of oui teaching hospitals on the geneial suigical service, and when 
the same question was put to him as to how he w ould treat a seriously injured 
patient he said he Mould immediately ask for a consultation. In other woids, 
it has become lathei “old hat" to pay attention to reconstruction of the human 
body m anywlieie neaily the same manner as to the radical cure of disease, 
with its necessaiy exenteiations and dismemberments I do not wish at all to 
maintain that this lattei is not a most important part of our teaching, but I 
also believe firmly that w e should re orient our teaching of surgery so as to 
place nicieased emphasis on tiauma and its various causes and pathology and 
tieatment I do not mean that one person should necessarily assume the entire 
i esponsibility, but I belieie that eceryoue passing through our residency sjs 
terns should haie sufficient know ledge so that he can handle a given situation 
Horn the standpoint ot initial surgery until he can get help This means an 
undcrst Hiding of the fundamentals ot surgery, resuscitation, and restoiation 
ot untomj and phisiolog} in the different parts of the human body As we 
arc in an age ot war, we should teach the pathologj ot trauma and healing of 
wounds, and the importance of comprehending the different t}pes of causative 
agents and their sequelae 

War and trauma unfortunate!} will not decrease in the foreseeable future 
It becomes, theielore, our responsibility to teach and emphasize the surgery 
oi impair ind reconstruction just as much as w e teach the surgery of patholog} 
and disease so that when our interns and residents enter nnlitarj scruce or 
encounter disaster thee will not be perplexed and bewildered at the dciasta 
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tiou mt ought on human frames h\ man and his machines, but Mill be picpiucd 
to treat their torn and Mounded tellou men mth sound Luom ledge ot the 
tnndamental pnnciples ot the initial smgerj ot m ounds 
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FIBROSARCOMA OF THE BRONCHUS 

Repori of Three C ises Di vgnosed by Bronchoscopy and 
Treated by Resection 

Capt Clifford F Storey , 0 Medical Corps, United States Navy 
Ann Arbor, Mich 

introduction 

P RIMARY fibrosaicoma of the lung is a most uncommon lesion, find neo 
plasms of this type of pioved lnonchial origin aie e\tiemely lare In a 
lecent leview, Black 1 was able to find onh five eases m the entne medical 
liteiatuie which he consideied to fulfill the ciitena ot pnmaiy fibrosaicoma 
ot the bionchus He added one case of his own In the same issue of the 
Journvl in which Black’s case was lepoited, Caiswell and Kiaeft 2 desciibed 
an additional case which was diagnosed be lnonehoscopy and tieated by pneu 
monectomy Those authors lepoited having found six pieciousfy desciibed 
well-authenticated cases of pnman lnonchial fibiosaicoma Finally, Cuiry 
and Fuchs 3 hate placed on leeoid the case ot a tapidh glowing fibiosarcoma 
expeetoiated bi a 13-cearold gill, it was belieied to be of bionclnal origin 
Howevet, the patient has sumived foi o\ei foui icars, and the pnmary site 
has not been conclusneh established 

Repoits of pulnionait saicoma aie commonh encounteied in the oldci 
medical liteiatuie, but it appeals that a vast majontv of the tumors so described 
wete eithei caicinomas 01 lesions ot hmphatic ongin As lecently as the turn 
ot the centum, eaicinoma of the lung was consideied a laie tumoi Foi 
example, Rolleston and Tie\oi, 4 in 1903, iound only two bionchiogenic cai 
einomas ni 3,983 autopsies at St (ieoige’s Hospital Thee invited attention 
to Passlei s J figiues which included sixteen pnmaiv caicinomas ot the lungs 
and bionclu among 9,246 post-moitem examinations at the Bicslau Pathological 
Institute Ot the patients studied In Passlei, 1,000 died of malignant disease, 
870 ot them Horn eaicinoma, but the peicentage ot lung cancel was iound to 
compnse onh 1 S4 pel cent ot the ptimam epithelial tumors, and only 1 6 pci 
cent ot the total gioup ot malignant disease m the senes Then own expenence, 
and a teuew ot the liteiatuie to tint time, piompted Rolleston and Tiecoi to 
conclude that pi imam malignant disease ot the lung piopei, whethei of the 
both oi loot, is ot the natuie ot saitoma’ and then beliet appeal's to be iairh 
lepresentatne ot the medic ll opinion at tint tune Discussing icpoits m the 
medical litci ltme ot priniam pulnion m t ntmoinu, those authors stated that 
the conclusion is toiccd upon us that some ot the oldei wnteis ha\c wiongh 
n unul their c iscs it w is then tccling that most oi the repoited t.ists weie 
in 1 lc t s ucomas 

hrom tin D* partment of ^ur^tr) Lniv r-<lt> Hospit il \nn \rbor Mich 
Thu opinions or ni* rtlons eontdn <1 htrein tire tin priv ite ones of th.t writer and ur 
not to be con triu I id olllcl il or rell-etin^ the \I wa of the \ iv> D pirtrmnt or the naval 
r\ ic* it I irM 

K-ceiled for publication I>t 1 IJjI 

hornier ICuM nt In Thor ick Mirk r> l nl\ersit> Ifospltil \nn \rbor MIcIl now Chi f 

of Thor Veie -urt, r> L - Naial Ho pit il M Mb ms \ ^ 

lb 
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Present experience indicates that the exact opposite situation aetunllj 
prevails It is now well established that pnman broneluogemc caiunoma is 
one ot the most common ot all internal cancers, being maled onlv bv carcinoma 
ot the stomach as the most trequenth encountered malignant neoplasm in the 
male* ' Comerselv, mereasingh pieeise pathological studies ha\e clear i 
shown pnman' sarcoma ot the lung to be a caneti ot tumoi seen onh on t ie 
rarest occasions Although it is generalh accepted that tbeie has been a teal, 
Tather than meteh an apparent, increase m the incidence ot puman eaicinoina 
of biouchial origin during the piesent centum, it is almost the unanimous 
opinion among present-dae pathologists that a gteat majoutc ot the large 
number ot sarcomas ot the lung reported in the eaiher hteratuie ucie in reahtc 
tumors of epithelial origin Edwards* commented upon the rapid disappearance 
Irom the literature ot reports of priman pnlnioiian saicoma in the 1920 s, 
and attributed this to Bernards emphasis on the tact that more meticulous 
stud\ would enable pathologists to differentiate the sarcomas irom lnghlj im¬ 
mature epithelial tumors Adler* listed nuietx cases ot lung sarcoma in his 
book published in 1912, but could authenticate onh a small lmnoiiU ol them 
Renewing his material, it is tound that a lack ot adequate pathological de¬ 
scription makes it impossible to accept a single case ot Adlei s as representatne 
of priman biouchial fibrosarcoma Eurtheimoie, Adlei stated that be had 
never personallv seen a pnman saicoma ot the lung The rants ot pnman 
sarcoma ot the bronchus in the expenenee ot piesent obseners is attested In 
the tact that Mallorv, 10 ui 1936, in tepoiting a case of spindle-cell sarcoma ot 
the lung, bebeced to be pnman, stated that it was the first such ease encoun¬ 
tered at the Massachusetts General Hospital m o\ei 8,000 post-moitern exann 
nations pexlormed there up to that time Three rears latet, Ellis' 1 desenbed 
a case of prrmarv fibrosaicoma ot the lung seen at the Uimersm ot Kansas 
Hospital, and noted that it was the first totuid at that institution in 7,272 
autopsies Clinical findings aie m close agreement with the nectopsi statistics 
just given For example, Osehsner, DeBahei, Dunlap, and Ridiman 12 reported 
5-iS eases of primary pulmonarv malignance, ot whom 195 umlerw ent lesection 
In that senes, onlv one sarcomatous lesion, described as a neurofibrosarcoma 
was encountered. This expenenee closeh parallels that desenbed m other 
clinical reports 




Ball* 3 reviewed the bteiature on primarv pulmonan saicoma ui 1931 and 
tound reports ot onlv tourteen cases which he considered to be adequatelv au¬ 
thenticated He reported an additional ease of his own Sly ot the cases 
accepted bi Ball however, were “round cell sarcomas*’ and, therefore probable 

Sift m the h ; mpl,oblas ' toma Sion V A seventh case,’described 
as ubrochondroadenoma witht osteoid tLssim” rlomi^ , . xinea 

group ot bronchial fibrosarcomas Ot the remainder onhrth ^ aCCept ! d m the 

rrr 
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m a bionchus or fiom the pulmonaiy paienchyma or pleura This also applies 
to additional eases leported by Mallory, 15 18 as well as those of Scheidegger, 1 
Klempeiei and Rabin, 13 Lyssunkm, 10 and Stoln and Sachs 20 The cases included 
in these leports were cleaily fibiosarcomas of the lung, but again then wide 
spread involvement of a lobe oi an entile lung makes it impossible to classifi 
them as piurtary fibiosaicomas of bionehial origin, then piimazy site must 
lemain conjeetuial The two cases lecently lecoided by Giay and Wlntesell, 21 
both pedunculated tumors attached to the lung only by a slendei pedicle, while 
tiue fibiosaicomas of low-giade makgnancy weie almost ceitanily not pnnian 
in a bionchus It appeals likely that they aiose fiom the pleuia, oi, possibly, 
from the pulmonary paienchyma The case leported by Stew aid 22 showed a 
piedonnnance of spindle cells and could possibly be classed as a fibiosaicoma, 
but some small lound cells weie also seen, and the authoi descubed the case 
as a “mixed cell saicoma ” That patient had a laige mass imohing the entne 
left lowei lobe, and the exact site at which the tumoi aiose could not be detei- 
muied Rosenblum and Gasul, 23 in a leport lacking in pathological detail, 
lecoided a case descubed only as “saicoma” encounteied in an infant The\ 
lefened to the repoits of Bjoinsten 24 and Lehndoiff, 2j who descubed round- 
cell sarcoma m childien, aged 2 and 3 years, lespectnely Rosenblum and 
Gasul reviewed the pediatric liteiatuie and found eleven cases of saicoma 
occumng in oldei childien The conclusion appears wairanted that all ol 
these tumors weie of the round cell variety Stout 28 encountered only fom 
cases of fibrosaicoma of the lungs, pleura, oi bionchi in the Laboiatoi} of 
Surgical Pathology at Columbia University duiing the jears 1907 tluough 
1946 Duung the same peiiod, a total of 362 fibiosaicomas m all locations 
were seen Johns and Sharpe 2 ' leported a well authenticated fibiosaicoma of 
the bronchus m an 18-jeai-old bov Death octuned fiom respnatoiy comph 
cations befoie tieatment could be instituted Autopsy showed almost complete 
replacement of the light lung by tumoi A pohpoid tumoi mass extended 
along the light main stem bronchus and into the tiachea 

DROXCIIOSCOPV 

Bronchoscopic examination and biopsj has Joi vears been standaid pio 
ceduie in the diagnosis ot tumors of the lungs and bionchi Although supple¬ 
mented in recent }ears In studies ot cxiohatne otology it lemains In lar 
the most important single method of m\cstigation In means ot which the exact 
pathological nature ot a suspected bionehial lesion nun be definite!} dcteinuned 
preoperatnel} In spite of the widespread cmploMiient of bionchoscopy, with 
the diagnosis of countless cases ot pulmonar} carcinoma Inning been estah- 
bshed by that means, the number ot c.ises of sarcoma of the lung diagnosed In 
bronchoscopic biops} is extreme]} small In 1939, Baum 23 and his associates 
reported the case ot a 29}carold white woman who showed a pohpoid lesion 
oi the right mam stem bronchus The diagnosis ol spindle tell sarcoma was 
established bv bronchoscopic biopsv Those authors relieved the litcrituic, 
and could find onl} one such c ise diagnosed lnonchostopicalh, that of Htrrn 
baser 22 (ID35), although lacksou,- 8 in 1930, mentioned two endobronchial 
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spindle-cell sarcomas diagnosed by broncboscopic biopsy' Jackson’s cases were 
neither illustrated nor described in detail, and no statement was made as 
whether thev were considered pnniaiy m the bronchus or metastatic lesions 
No tollow-up was given In 1911 Kahler 31 described before the International 
Laryngorhinological Congress a patient upon whom direct tracheoscopy showed 
a mass completely obstructing the light mam bronchus The patient sub¬ 
sequently coughed up a fragment of tissue which was diagnosed histologically 
as myxosaieoma The lesion was tieated b\ cauterization through the bron¬ 
choscope, but the turnoi recurred The cluneal report was brief and was not 
rllustrated by photomicrographs of the tumoi Additional cases diagnosed by 
bionchoscopic biopsv have been reported by MallorA 8 (193S), and Poliak and 
associates 32 (1941), Leins 33 (1946), Black 1 (1950), and Carswell and Kracft- 
(1950) Beports ot lymphosaicomas and otliei tumors ot the lound-cell type, 
such as those of Vinson 34 and Jackson, 30 have been excluded in that it is felt 
that these tumors anse primarily m the mediastinal and penbionchral lyuirph 
nodes, and involve the bionchi and pulmonan parcnclmna only secondarily 


TREATUEXT 

The meager experience winch has been acquired m the management of 
patients suffering from pnmary fibiosareoma ot the bionchns makes it clearh 
impossible to formulate a therapeutic program which can be statistically show n 
to be the most rational and effective method ot dealing with these lesions The 
tew cases that have been reported have been tieated in a \anety ot fashions 
from the most conservative to the most radical The 13-xcar-old girl reported 
by Curry and Fuchs 3 received no treatment, since the exact source of ongm 
of the expectorated bronchial fibrosarcoma was neier determined She has 
been followed tor over four years and shows no evidence of recurrence The 
case of Poliak and associates 32 was treated by broncboscopic icmoval and ful- 
guration The patient was well at the end of two and one-half years Baum 
and co-workers 23 treated their case by repeated bionchoscopic remocal and 
massive inadiatiom The patient received a total of IS,630 r units ovei a two 
and one-halt yeai period Death occimed two years and nine months alter 
treatment was first instituted, post-moitem examination established pulmonary 
tuberculosis as the cause of death, and thoiough examination of the affected 
lung, including careful studv of the previous site ot the bronchial tumor, showed 
no evidence of neoplasm The case of Lewis 33 was managed in a similar manner, 
after broncboscopic removal of the visible tumor his patient leceived 6,353 r 
units of irradiation. Two and one-half years latei the patient was clinically' 
well, and his chest roentgenogram was negative Heunheiser 28 reported a com¬ 
plete cure by irradiation therapy The use of radon seeds and electrocoagulation 
mve been suggested for this condition The case of Herzmann 35 was treated 

later There ™ n0 *>8“ of recurrence ot the tumoi thirteen months 

a er The Uw* m the case reported by Divas, 38 also removed by lobectomy 

- - ■ — - • 
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tion to be a fibiosaicoma which involved the pulmonaiy parenchyma m a very 
extensive mannei Although thought to be pumarj^ m the lung, the non 
metastatic ehaiactei of the lesion was not definitely established Connection 
with a bionchux was not cited, and one may assume that the widespiead m 
\ olvement of tlie lung made deteinnnation of the exact site of ongin oi the 
tumoi impossible The neoplasm recuired two years latei m the thoiacotomv 
incision, and theie weie metastases to the spine In the case of pumaiy 
fibiosaicoma of the lnonchus lepoited by Mallory, 15 death fioin intrapul 
monaiv hemoiihage oceuned duung exploratoiy thoiacotomy perfoimed bv 
Chuichill lj Right pneumonectomy had been planned In discussing the ease, 
Chuichill suggested local bionehoseopic lemoval pnoi to pulmonary lesection 
in older to cleai the obstiacted bionchus and thus make the lung more man 
ageable at the time of definitive suigei} In a second ease at the Massachusetts 
Ceneial Hospital, Cliuichill 13 lemoved the left lung foi a laige saicoma ot 
spindle-cell tvpe which involved the pleuia as well as the paienchyma, and in 
addition was adheient to small poitions of two libs Segments ot the two ribs 
were lemoved with the lung The ongin ot this tumoi is theiefoie unceitain, 
Malloiv telt that it w'as piobablv pnmai’j in the lung Graham peifoimed a 
lett pneumoneetomv in the case lepoited bv Blaek 1 , palliation was achieved 
toi about six vears, but the patient died of mediastinal lecunence six years 
and seven months latei Carsw r ell and Ixiaeft 2 also perfoimed a lett pneu¬ 
monectomy in then ease The operation was done in Januaij, 1948, and the 
patient w r as tiee ot svmptoms and showed no evidence of lecunence at the 
time of then lcpoit seven and one half months latei Hanington 58 peiformed 
pneumoneetomv in six cases descnbcd as “saicoma ’ hive ot these patients 
died within two and one halt veais, while the sixth was living without evidence 
of lecunence five vears latei Ot tventv-one “coin lesions tieated bv resec¬ 
tion by O’Bnen Tuttle, and reihancv, 33 one was diagnosed as “sarcoma ” 
Details ot the ca'se aic lacking The patient died nine months later of a nip 
tmed intracranial aneuivsm Complete post-moitern ex inunation showed no 
evidence ot lecunence 01 metastasis ot the lesion Bdwaids* repoited tluee 
cases as “saicoma ot the lung,’’ but the mitiosiopic pathologv was not de- 
scnbed Two weie descnbcd as ossitving, and one lav at the penphen ot the 
luii" One patient, who was consideied inoperable, was tieated bv inadiation 
andwas alive and well two and one halt veais later, one died iollovving opera 
tion and the thud siuvived m good lie dth loi at least two and one half veais 
iollovving lobectoini Time ot the ion. cases seen bj Stout 1 weie tollowcd, 
and all died ot their tumoi m less than one vear One oi the thice had pioved 

metastasis 


c vsi kh’ORTs 


Cvsf j_ v v \- 0 4 7 _’a 7 1 Tins 30 u ir old white man was ndmittid to tlio Uniwrsitv 

Hospital Vun Vrbor Vtioh on Deo IS, 1"10, oompluiiiint, ot u chrome couji productive 
of two to tour tuldi-poon-tul ot whitish sputum dulv, shortnt s of bruith, und pain 
botauth the lilt suipuli Ho >utod tlmt ol.ost roontKono K rums takon ol-owhoro in J uuc> 
lOd'l had shown a loft intrithoruic tumor It „uvo ri o to no svmptoms, and obsorvntioii 
vvas’advisod (.host roout„ono,,rnms in Sovombor, 1**31*, showed no os ontml ohuu„o i„ 
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tRe size of the lesion Further watchful waiting suggested Rouitguiogrums m 

the size of me tumor t0 bo a pprox,nmteli four times ns original sue 

Them was also'a left pleural effus.on Because of the rapid growth of the mass, hos 

pit&Uzation was urged 



Fig 1—(Case 1 A.A.) Posteroanterior chest roentgenogram taken Dec. IS 1940 at the 
time of the patients admission to the Lnlieraltj Hospital In this \le\\ the huge tumor obacurea 
the loner tno thirds of the left heml horax. Its rounded superior bonier Is clear)} shoun but Its 
Interior margin cannot be defined 



occupying ^tl^'mlddle 1 'a a jid r< t^teri^r K ™(^tlon^^ Deleft loner•§££* 0,6 tUm ° r 

negatne, except for the sigus^conMhdaho ^ 'th y nUerslU Hos P ltal was essentialli 
studies were normal consolidation m the lower left chest Routine laboratory 

lower two \ 'LlZnl lesion 
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ictn to otcupv a poituou in the mobile and posterior portion* ot tho chest In tin-, im 
it had u diameter ot S centimeters t liest lllms tikin elsewhere upproximiteK oik tear 
prcviouylv wero reviewed I lie \ '-Iiou e .1 a 1 tr„c, rounded smoothie outlined den o Ion., 

aeneous sh tdovv Iwnj, in the middle third of the left lun„ held is -.en in the- j»o tern r 

anterior projection V companion lett literil chest roeiit„eno„r mi (i ij, I) slumed the 
tumor to lie centered at the junction ol tho middle and posterior thirds ol the Ik millions 
Its posterior margin lav on a plane with the anterior borders of the vertebral hodu < 

111 . se observations showed til it the in iss luv within the left lower lobe 

The patient was bronchoscoped lie Dr John \b Minder on l)e. Is pi|0 V h ion 
was seen ill the proximal portion ot the lett lower loin bron. Inis, and this w is loop n .1 
1 lie iollovvui, histologic report was mult bv Dr t \ W.lbr Iltneath tin bron luil 

mucus i there- is a iieoplism eompoed ot spindlt etlls with rilitnefi se int < 11 ipl i in 
V * pi nil It nil /ihrmore oiiki hum,, - h ir u t< ristu s wlinh lulu etc origin in a tie iirotibroin i 
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meters Supenorlv, it extended into the main loner lobe bronchus thence upward to 
terminate opposite the right upper lobe ounce En route it sent out projections or pseu 
dopods which partly or whollx occluded the orifices of the other three basal segmental 
bronchi, the bronehus to the supenor segment of the lower lobe and the middle lobe 
bronchial onhee (Fig b) The histologic diaguo'is (b\ Dr C \ lYeller) was "Pleo 
morphic spindle-cell fibrosarcoma” (Fig 7) 
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metastases winch occurred m tins case, first becoming evident fifteen months 
following pneumonectomy, weie piobably via the blood stream This case 
illustrates well the malignant natiue of these lesions, and shows that distant 
metastases can ocevn even in the complete absence of local invasion 



, Rls 9—(Case 3 BS) Posterior anterior chest roentgenogra 
e '’Wence of partial atelectasis of the right middle 
right hemldlaphragm. 


m taken Ma> 9 1949 short- 
lobe. Vote deration of the 
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resection, she remained cbmcaU> well mere was 
or physical examination of recurrence of her neoplasm 

n ._m his case appears to lepiesent the smallest bronchial fibro- 

Commeut This closed bv bronchoscopr and treated by resection 
sarcoma on record ° prognosis This case illustrates the 

Tte “ “ "STS “cmltSl otp—,s, paiticulody »ta> ftm 
«Zd a'electasa. It ako ahoavsthe ememe talue ot o„et„l l»onch«op.c 
examination nr that type of case 





FIs 12—(Case 3 B S.) Chest roentgenogram made Maj S 1950 one year after right 
middle and loner-lobe lobectonij for fibrosarcoma of the bronchus and thiee months alter 
resection of a segment of the right for suspected recurrence. On pathological stud} that lesion 
po\ed to be a benign chondro osteoma 


DISCUSSION 

Although it has been lepeatedh stated that fibiosaicoma ot the bionchus, 
in common with lesions ot this tvpe encounteied elsewheie m the bodt, is a 
slowh-growing tumoi, histologicalh well diffeientiated, spieadmg pnncipalh, 
it not excliisn eh, In local miasion, oui own experience and a leview of all 
well-icnfied cases lepoited in the liteiatuie lend pooi suppoit to that view¬ 
point While exceptions hate been noted, this entrtj has pioted itself to be 
a highh total condition, usually causing death ot the patient within two years 
oi less trom the time that symptoms first appealed Case 2 illustrates that 
distant metastases can and do occur Though not prored, similar spread doubt- 
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iv, ot.tin red in Case 1 Despite the occasional siituess reported in the treat 
mint ol fibrosarcoma ot the bronchus In conseiiatnc means, stall as lot ll 
excision tluough the bioiuhostope lolloneel 1>\ 11 ladiation, it is impossible lor 
me to substribc to tin stall therapeutic legimen 

In the da\s a hen all niti.ithoi.iuc operations tonstituted a grate risk there 
>\ is peihips some justification toi avoiding lesection therapi At the present 
time, hoaciei, alien usettmn ot the lung tan he undertaken aith relative 
viten It ilia n measuies in attacking m ilignant diseise 01 the pulmoii iri 
v\stem sniueh seun delensible It nppeirs liaulli appropriate to compare 
tilnos lnoin.is or the bioiahus aith bronchial adenom is in relation to therapi 
I agrie aith Black, 1 alio coialialed that, in spite ot the app irent succtv, ol 
iiulobioinhml tieatnant in thiec rcpoitul cases the therapi ot luoialiial hlno 
vtrioint must he In pulmoii.in uscction m oulci to lssiue removal ot all ol 
the luoplasiii It is quite true that adtnomis ot the broiuluis acre long laid 
to hi hiiiign legions and on that basis it a is lclt that bioiuhosiopn return d 
loiistitutid nliquate tlierqn Added o\])ciiciuc slumul, hoacicr, tbit tlusc 
Illinois iiitc u lvsumc a dumbbell sli ipe aith imuh ot the tumor nn ulmg the 
pwliiionin parciulnma and micicvsible to the broiu liosiopi I’lirtlii rmoie 
it has hem a ell ist iblishcil that these ire loa gi ule uin mom ls and ih it disi ml 
nut ist isis sometimes occur Pnlmoiitii reset tion is being iar more wnMi 
ai i ciited as the pioeeduie ot cholic in the tu it mint ot h sums ol this i h ir u tc r 
\it main bronchi il adenomas i uiso rnnirkabh little tiouhh lor n in qurt 
Horn that ittribiitablc to parti il or complete biomhnl occlusion <>n tin uui 
true tibros ircoiua is i much more m iliern mt tumor tin! tin rt suits ol in uh 
quite thcia]n so much moic disastrous thin is the cast with the iisu il hromliuil 
idcitomi th it it dots not sum tint the two lesions > in In 1 urh comp md is 
to I Iii r ipt ut it r< quu enieiits We igne with those alio in 1 th it bioiu In.i! 
uh iioiu is should he tre itcd !>' pulnuin in risittnui but m the ■ m oi libro 
s 11 coiii i ol the linun Inis abuse m dun mt nitun is doubted In no mi* sin li 
tlnnjn ippi irs to In. i m Utc r ot mm h arc itc r urge in i I do not In licit tbit 
these truli in iii_Mi mt tumors i in In it cs-m ibh minutd m mi othu in inner 
I lure ijipt ir to be uhqn it. grounds lor dinr^mi opinions is to tin 
e \ t in t oi p ill moil i n rise, turn i m In 1 1 > > 1 i < ► r bioiu hid st n o i n i It muht a. 11 
In ir,u« il tli it in th ilnu mth this 1. si„n ,s with in dun mt iIn cm in g> m r d 
mill e truli rnlnil open! <>n in this uistiii t i t«> d jun iitinuue tomi nth 
nonuuh dis..i -n ot ll • me-iiistinil in!.-, mold siiiln t Hole <r <h quit 
t'n i mb in I till’ !' e e 't s|.il s Is i rub hi ll i t HI l >'1111111111 III dull lilt 
.. .. .. I .. t r. , , .o.ti .. il.l. 1. .1 .. >» * I 111 tli * irll i l es > til ls 
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fibrosarcoma of bronchus 


vta a fibrosarcoma ot tamdml ongm m of sucfi smo and. local oo (hat tact 
infiltration of tie metaUnum may bo leasonablj snspootod ot ^ 

time of operation, the medmstmal lymph nodes a.e behered to bo invoked as 
a result ot being lound enlaiged and of abnormal firmness The find n 0 
contained sarcoma cells m such a node following excision and examination bj 
the frozen section technique would confirm the clinical impression and cause 
the surgeon to complete a thoiough radical operation Howevei, even if one 
01 more such nodes should piove to be negatne, m the presence ot the findings 
mentioned, a lhdical lesection would probabh be the wisest and safest course 

to follow 

SUMMARY AST) COXCLTjSIOXS 


1 Primary fibrosarcoma ot the lung is a rare disease and lesions of this 
type arising m a bronchus have been reported m onlv a tew instances 

2 A review of the literature indicates that primary branchial fibrosarcoma 
has been diagnosed by bronehoscopic biopsy in onlv seven previously reported 
eases 

3 The small number of these lesions which have been encounteied makes 
impossible the formulation of rational plan of therapy on the basis ot experience 

4. In view of the malignaut nature of this disease and the uttei impossi¬ 
bility of determining by bronehoscopic observation the extent of its penetration 
into the lung, pulmonary resection is surely the therapy of choice The known 
tendency of fibrosarcomas to be relatively radioresistant strengthens this opin¬ 
ion. Even though an occasional tumor of this type might piove to be partially 
radiosensitive, present concepts in the management of malignant pulmonarj 
disease do not make acceptable the leaving of resectable sarcomatous tissue m 
situ and dependence upon irradiation for its control 

5 Three cases of fibrosarcoma of the bronchus which were diagnosed b\ 
bronehoscopic biopsy and treated by pulmonary resection are reported Two 
of the three cases are considered definitely to have arisen primarily in a 
bronchus, the lesion in the third case involved a majoi bronchus, as pioved by 
bronchial biopsy, but at the time of pneumonectomy the exact site of ongm 
ot the huge tumor could not be determined with certainty Although not sus¬ 
ceptible to proof because of the advanced state oi the lesion at the tune of 
resection, a primary bronchial origin of the lesion m that ease is considered 
most probable 


6 Of the three cases reported herein, one patient was seen late m the 
course of his disease after his tumor, relatively small when first discovered, had 
ecn ' watched” elsewhere until it had become huge The extensive pulmonary 
invasion at the tune of operation made total pneumonectomy mandatory Pal 
hation lasted for only a few months Although not proved histologically there 

d f UCal eTldence of ear] y recurrence and distant metartases 
Death occurred about nine months after resection The second patient sought 
medical attention late and she also was treated by pneumonectomy although 
m retrospect, it is felt that a right middle- and lower-lobe lobectomy mi^ht hL ’ 
been a satisfactory procedure Palliation in that case was achieved ^Mtem 
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nioiitlis wlien ot multiple distant metastasis hie line eudent Death tiuin 

met 1 st itu tibtusmonia inclined uuliticii nioiitlis nttet jmuionutoinv '1 ho 
third patient with t pinnate Inomhnl iibrosaicoma was sten caih whin )ur 
lesion was small md nppaiciitle loi di/ed Resection w is limited to rciuoe il 
ol (lie iijjht middle and lowet loins sin* is nine ind appears to lit well tint teen 
months iltci opeiation 
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MHKCURV-BAG BOLUS TO BXPBDITB PASSAUB OF 
BbOPIIAGBAL DILATOR C.LIDB STRING 

FithD II A\t>, 3r D ,* Gntaim T)K>toiu,h^, 31 D ,*• t\n 
Ioii\ \V Stiuh>h{, 31 D 

BOsTOS, 3Lv-^s 

/^» RADI A rni) <IiI.itoi -> guided within the iumui oi the esophagus b\ pts.sa.te 
v_l o \11 i sltghth tended, pieuoiish swallowed string were introdtieed be 
Mi\ttr l in I'll)'), and a to now in loiniiion use loi the tieatment ot csophuge d 
stui Ulus due to ,i \uiict\ oi cutises Lsiidh i he id or split lead shot his 
lieeii utilized as i weight and bolus to pull the swallowed stung utudnd until 
the ti iwiaul loops ot iiitestine oflet stifliueiit resist nice to anchor the stung 
While the shot or bead implex cd mux be sin ill enough to p.iss thiough tin 
n mowed zone •nul down the g.istioiutestinal tiaet eaiiMiig the stung, the 
11 ts,> i g t it both the .net ot stenosis nul within the gastioiiitestm il trait nun 
lie ertatie nul tune eousuining 

Hollow mg lioin the expcttenccs ot others m the lapid pissige ot tntestina! 
decompression tubes," ‘ the substitution ot a small niumn liden rubber ha n , 
or giuut\ dnietor lie.iel, .es the bolus loi the tsopJiageil dil itor guide stung 
iiis esaiiied its p iss.ige more ipinhK and mole consistent!' We lunc used tin 
ntuetir' big bolus to expedite stung swallowing oiih twehe times, but line 
been sUlhelelltl' IHlplcsscd b\ tile spied silct', md IcIlubtllL ot tills lllellioii 
to suggist its trill In Others Olten the niereui' big [.ropelled string t in In 
sw d low id at night and isoplnge d dll it ition leeomplislied tin lollowing morn 
mg the isiotialh the dil itor string h ls bieii piss«d e\pnimtl\ m ibis siiu|ile 
in inner mil Used tor ae tne till it it mu it isfrutun was louiul at esoph igoscopi 
or ib mdnued it no stricture w is eiiioiinterid tor (lit string m no wisi inti r 
lens with isopli UOMOP' IL the lulJlt III the me r< ill \ b ig one is imiitcdl Ue I' 
iw ire ot it» pissige tJuough the sknotn mi md niei jirojnr positioning ot 
tin pun lit 11-^ pissa.e thioiiJi the p'loiUs is lmpieiuh Initbhd, Within a 
It" minutes In 1 sudden Ilin't llli lit ot tin String Tills ellinm ties the llei ivnt\ 
ig (ih\ t i \ unm pi i imls or roeiit_< n«,r im d. terium ition> 

1 In me ri ur' b i„ bolus is ns< d on lx is i m» ms oi . irr\ nu tin strm„ dow u 
In ^ istrotuti stm d tr > t md is not inC.inhd to sire. is i boiun 'I In big 
is nn it lie. tne sin n tt • "lit urn i'in ill ititoimt >>i im r< im md is thus simd ir 
m its ippln ni"» o tin hi nl •*! tin t mtor inks mil dnompri .nm tube 
wltnh tun nl u.t u< <<i tn m.dolit' Iibiht' md „r< it io!osi.< or umLud 

,t i n « s is n s ot i n r ur' \ * on . in n’ md r. h d>b si , i,»r tin b n m 

o dm m t ib . r t i -»r i o f i > oh . ■ mu o • rs ot u . din no n ur ,m 
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to permit fiee motion of the meieurv, hut not enough an to foim a buoyant 
balloon fiom the absorption of intestuial gases 5 The mcieased tension within 
the balloon could cause obstructs e symptoms 

Twelve feet of No 2 biaided silk sutuie is used loutmely as the swallowing 
string Usually theie is adequate anchoiage to tense the stung aftei six to 
eight feet of it have been swallowed In one instance, when dilatation was 
delayed foi three days, the meicuij bag presented at the anus m forty-eight 



has pro\^a 1 ieakDrMf’o^ flnser 001 with mereurs s ,wa)r « 

- ■» ** *. PIratog 

dilatation the following morning g Was sat ^factoiy for esophageal 

-sBiiBasisrssaaaKas 
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!■> t'punlh iihiKitul in |I Hunts with esophageal stenosis an.! shou!.l Ik 

ni.tiii! tt.n v a a topi, al mntliUn Ins been emploved Vi hen tin big is all 
hi bit. <!i«ppul into tfie stoinnli the patient is plated on lus ri^ht side rotated 
sli_ditl\ toruaid in older to all.m tlie bii*r to iri.uitate to tlie pilorns Isiiilh 
no lurther spe. nd positioning is neeessaiv mue passage throiif'h this sphniet. r 
is u t omplislied 

Vlthmiiiii i stun*' tnnels mole rapidlv down tin intestinal tiaet wlun 
di.iun a ions' bv a imitun ba" than In otliti nnans in vei the levs it is still 
import nit that the stiin^ not lie swallowed it i nunc rapid 1 ite thin it is 
prop.lied In intestinal peiistalsis It sw lllowid at 1 jjieitu iat. thin its 

[i is.s,i‘_i at t lower Ie\el the stilus' tends to snail and toriu Knots wlinh I it. 1 

in iv ohst lint passage ol the hoii^ie it is to "indt In oid.i to u < oin/disli this 

liulividuali/ed 1 ite ot swallowing the stun;; is wiapped, without twisting 
irouiid i slant pie. e ot ruhhei tulnn^ uhi.h his pitMoiish be.n thuadedov.i 
the K.ip.rsiiait of a site tv pm \\ lit n tin nuieurv b ig bolus is in tin sin ill 
intistim tins tmptotisenl re. I is (tinned to tin /iitnnts lUithutj tin pilniit 
instril. ted to loosen onlv i slum length ol sinner at l tnn. tiiel . mtioiud to 
do this onl v w hen he is aw ill e oi tint ion I ioiii tin sw illow. .1 stung 

\itei dll it 11 loll ol the esoph ifrils is .oiiip'etid ol ibindoiud lilt ddatoi 
gunie stunt' is < lit low in tin jthaiv n\ and tin nnriiiiv bit. with tin i.niiiniiu 
attiebed stilus lllowid to pass pel ii.ttini No dilb. ultl.s hiv. laeii iiuoiin 
t. re .1 w Ith spout Hie oils t\plllsioli ol t lie m.l.lliv I* l _ ImJlts Hid itt i< lie d 'll llitr 
rill Use ol till SW dfow.d st rim. lor esojdi.u't lidd union is toutriindn ited 
in tin (ires, me oi in anatoini. loop (siuli is . istio. lit. rostoinv ot uit.ro. u 
1.1 ost ..in \ It. ) it inv level III til. alum nt ii v tint lor the Si I liter m iv <li.b 
the loop mil Hit ol libel lie til. in 1 *, os i ! I.p.m.d bv Hiibbiid Hid I .v.n 

\ uteri mv-bii; bolus vvhi.li is too in.,, or too he m in i v In) to piss t)i. 
pvlorus ol blVIIU pissed III <v pull so vuoroiislv oil till it 1 tilled Slmu tbit 
. uttiiu ol till 111 soph IIVIU il ol ini. sin, d mu., si 1 . suits In i ii. ease r. ported 
bv 11 1 e irv end Hilltt i strma Used lor r.tio,>iid. dll it illon wis.fliwil 
into t!w jejunum bv . disjdo.d bid.n . isii..,t..im lima, md (..risiilto 
juopulsion oi th. t! in-. " , i '" 1 ‘ -sir'll, niton m tin strm_ u mist th. 

jejiumm with result in- l.-.ruoais md |. rn.r unais \ simihr ...mpli. itmn 
U..III (V.ssIVe tr II tioll bv til. III. 11 urv I) i„ Indus must In i oil side ri d I possl 
)\\lttN 
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tube bad ruptured LindemutV lepmted a in d fistula which he uunukrul 
to ham been kept open b\ met dht meunr\ acting ns n unoign hod\ with 
giamdomatous reaction The hstul.i was at the di mi site ot apptndti Imm 
with peiioration and peiitomtis and the mouiin had turn spilhd tunn tin* 
ruptured bag ot an intestinal ilnompievaon tube \ct Hoflmin" reports the 
accidental swallowing ol nieruirx l»\ a child with Umpoi ir\ trapping in the 
appendix and latei spontaneous emulation without bairn \nd t antoi’ 1 reports 
on fecal fistulas which had excreted menurc lost tiom an impropcrK tied hag 
on an intestinal decompression tube The fistulas in tins patient ilosul wlun 
a defunctionizing colostonn was done, buuisc no ineiciiiN was jieinmmntH 
trapped within the fistulous tracts to act theic as a loicign hod\ 

suumvua 

The use ot a mcrcui\-h.ig holies to exjiedite gastrointestinal passage ot the 
swallowed esophageal dilatoi guide stung is discussed Tin contraindications 
and potential complications oi the technique arc suggested 
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, , n< i .,t tin. trichyotouiy i> vitiall'- occludm* it, '» 

diameter and ^as looted at t 0 U W^ " t im t hc aim iv lk»* D ^ Kr Ll "" uha 

that a tracheotomy tube *a= nccc « ^ rjdlUll , u thet i V v >us feasible U llu UK 

non vath. tin. radtolo 1st, U "• | " mjmur be rcinoycd trout the tumor mU U \\> 

taHie tracheotomy tube could, . ^ w to nl ,u a opctmi„, mUn«tU tu.i 

Cm ^ >' T - V PoU^ tube « v, ob 

tamed and molded to a suitable =d> ipc »'*- r a daue l >„ 



a 


Fl ? i — Vppearance of patient on admission. The large, recurrent carcinoma obstructs 
the tracheostomy to a degree which makes the constant a earing of tin tncheotomy tub-' 
mandatory Lnder these circumstances radiation therapy Was felt to be Impossible. 


Ilf ~—The type of polythene tubing used for the tracheotomy 
by manipulating the tube o\er a flame. 


The angle was created 


On July 27, 1951, the manubrium of the sternum was resected under lnlrntenous 
pentothal and ether anesthesia The traehea was opened longitudinally m the anterior 
nudline, and the polyethylene tube was inserted just aboye the innominate artery The 
shm edges were partially approximated (Fig 3) Good aeration was obta.ned, but a 
change ot the tube every other dar was neceesarv because or the tendency for mucous 
plugs to obstruct its lumen. Several additional polyethylene tubes were prepared for this 
purpose so that a stenle tube was always available ifie- , „„„ , , 13 

patient was able to change these tubes hnmelt, to aspirate thl 

care for the new tracheotomy as well as the old. ’ ” S eneraI > 
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stuctu.ru doclopcd nhuU rupnnd u V,uM ^), '"I 2 

tntwu iour months atUr ' ^ J'Uv^ «•* «*■ ^IW 

opening into tin- anterior urn .?.. - . () n \m > l‘» *1. Ins Mnhn|»p% 

i - r*r;: ;::!r;; "w.« i «•»—< » - 

Me ivns taunnitod lllw , K(1 lhut ,.u r opium. >' oUtnutiou mis due U. .« 

aucopst nns done, »d nU , Kr thull ruiu Umn khtinh Ib.n »«» » I'mplmn 

\Ql\emcnt bs rum k. ^ ^ tll , „p,,cr -mo fourth of both 

fie CX Ln3 ? i n (0 t)[0 Knlnoi- U«. ith " dm to i line ir l>< rfontum, >bm» > mm hint,, 
UD fhenoiteTVor\itUof the im.om.mu uUn Mthoujt J-dv.tlul.n. tubm„ >’ olr.imlt 
hght, tut « Q ont other thin ,ts pu-mn umtd not ho ““ <>“ ‘ '«* " f lW >" f 

foration 



Fig 5—Appearance ot the anterior roulloKtlnul tracht_oslom> nlth tin- irmzc packing 
remoied. l\ote that tho detect Is practical)} complete)} epltliellzcJ im a nsulv of tin- 
razor graft. 


DhCLsMON 


The onginal plan of attach tu this ptohlem was to const met an antcnoi 
mediastinal tracheotome, such as was done, ami to line the dcteU with lull 
thickness, pedicled skin grafts eletated fiom the chest, lateral to the trache¬ 
otomy, and rotated inward so as to form an epithelium lined tract This pro¬ 
cedure would have formed a skin-lined peimanent opening and would have 
protected the adjacent innominate aiterv Unfortunateh, otn hand was foiced 
bv the extremely vigorous giowtli ot the lecunenee which could not he con 
trolled bj local cautere applications It was not considered wise to attempt 
complicated pi astic procedures m the face of imminent intensne ladiation 
therapy and the procedure was, therefore, delated until attei the radiation 
effect in the skm had subsided If such a dan-lined tube can be constructed 
or an anterior mediastinal tracheotomy is planned foi tempoiarj use onh' 

TnnT 1 r P r' ta f a J Vantages °' cr the posterior mediastinal tracheotomy are 
apparent First, and most important, it is readily accessible to the patient who 
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ia able to tire tor it lnniseh with onh the nail il tiaining becond, it ia not 
in the wu\, so that tlie p itient can wear lus tiatial clothing and can rest upon his 
back when he sleei>a Although this case had an unfoitunate end result, it was 
due to elithculties imposed h\ his disease The open itiou itselt holds some hope 
lor tlic tstublishment ot an nnw.n in cases wheie a ceiucal truheotonn iniuiot 
hi m.idc 

Si mm \it\ 

.V case m wlinh .in mteiioi mediastinal timhiotonn u is jnepared is re 
ported 


1 Slum, Htrliert, mil ( owlm It 
sua 21 el).! 007, l'ltl 
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\ilums Posterior Mull vstnnl Tr u lieotoin', J TllOlUCU 



CARCINOMA OF THE ESOPHAGUS COMPLICATING CARDIOSPASM 

Report ot t C vse 

Ira Gori, AID, \\u Comud II Iam, M D 
Detroit, Mien 


T HE subject ot etmliospaxm or achalasia ot the esophagus has recettul ton 
suleiable attention in the surgical liteiature, but emphasis has been focused 
upon the \auous technical procedures recommended lor its lclief Although 
the differential diagnosis between tuidiospasm and caicinoma oi the esophagus 
has been adequately stressed, there is a prevalent impression that once the ding 
nosis oi the foirner has been est ibhshed, the possibility oi the latter need not 
be considered In an article entitled “burgical Considerations ol Achalasia’ 
published m 19-10, Ochsner and DcBakee 1 gate a coinpiehensne reuew oi the 
world literature with 121 letcienees, and the possible coincidence ot carcinoma 
and cardiospasm was not suggested A eeiy recent clinical article- described 
an experience with 1,800 cases ot caidiospasin, theic wax no mention ot m.ilig 
nancy as a complication 

Evidently, the combination ot achalasia and carcinoma is rnie llowciei, 
there aie a number of wcll-authentieatcd cases, mosth lcpoited in the radiologic 
literature In 1933, Vinson and Kennedy 3 reported a case m which carcinoma 
developed xeceu years after the first hydiostatic dilatation Kornblum and 
Fisher* reported two cases in 19-10 One of these had caicinoma when first seen, 
and the other dec eloped it ten y cars after svmptomatic tieatmcnt by hydrostatic 
dilatation In 1941, Bersach 5 presented the case of a 47-year old man with a 
history ot dysphagia for ten years, with a large fungating carcnioma of the 
mid-esophagus In 1947, Baei and Sicker 0 were able to find only eight cases, 
including three of those mentioned abo\e, which they would accept as genuine 
cases ot carcinoma complicating achalasia, and added a case of their own Be¬ 
cause of the lack of cbmeal information, they did not include in their tabulation 
the three cases mentioned by Rake’m his early buet communication Within 
a brief interval an additional example came under Sicher’s* obsenation It 
is of mteiest that only- fom of all the reported cases lia\c been from the United 
States Because of the ranty of the condition and some lessons which may be 
learned from the clinical history which teimmated m the patient’s death, the 
following case report is presented 


CASE REPORT 


TT °-r. B ’, V vlll£e man ' aged 42 >ears > was admitted to the emergency room of the 

j —k wjas £ w 
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“iZTSS? *“ S “ r “™ “ “* -»■» HospUaJ 
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gastrointestinal svmptoms for rnoro than ten jnrs These consisted of episodes of 
“vomiting,” immcdiatelv or an hour after nulls Tho vomitus was never sour, huuo 
it was assumed that the food had not reuelud tho stouuieh V radiologic examination in 
1941 had demonstrated a gTcatlv cnl irgcd csoph igus, but no treitment had been suggested 
The provisional diagnoses were bleeelitig peptie uleer, blecdin^ esophtgeal vuriees, anil 
cardiospasm with csophageul ulcer 

With cessation of bleeding, roentgen examination of tho esophagus was curn.il out, 
and the following report was made “Prelinunarv tluoroscopv of the chest revelled a 
large dense shadow extending halt wav into the right lung livid md obscuring the ri„ht 
border of the cardiac shadow Vs the p itunt was given barium, tho shadow was realized 
to be tho esophagus containing tood and barium The csophn^o cardiac junction was 
poorlv seen duoroseopicallv and was visualized m oulv one of the hlms There was much 
conical narrowing at the distal end ot the esophagus with a mnrhedh dil ited, tortuous 
esophagus extending upward in the n 0 ht chest to the level ot the lirst rib The stomach 
was partiall) filled Impression marked cnrdiospism The po-nbilitv ot in ulcer at thu 
distal end of the esophagus should bo considered ” (hig 1 ) 



turn for cure of the reco^en^d''"^^ 6 ^^ 0 ’ “ lmraedlat0 °P« a 

e patient left the hospital He returned f ^ fld ' lce was not accepted, and 

which time he had gamed in T f ° r 0ne out P atl0a t visit on Nov 25 1930 at 

b r *° Wld ““ ° f WeeZg NeverS was absent and there 

surgical treatment for the achalasia! " rt eIes3 > he was again urged to have radical 
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The thoracic ap-t ot the latter ,tu i..r .he unmnnl •« d ‘> ‘ ’ 1 

to a urTun,fcru.cc ot 15 cent,meter, V hr n e .rrcgulur «lu rated tumor \wth 
rolled edges occupied the segment immediateh adjacent to tlu t rat h. ul hi im Uto 
(Fie 41 The tumor except lor the slou^iing -up. rlie.nl portion vv ,s quit. hllrd S,iml 
\e-'els acre apparent opening upon the .rr,„ul.r ..her Im-e and th.-. «.r. -'-.old. red 
the source of the hemorrhage vvhuh tilled the stomach V .Her * .tell.te le-um ot Mli.ll .r 
character lav J cm distal to the pn.i.arv ^routl. Die reiimiml.r the • 'opimg. .1 win os e 
presented scattered p.etchv irea, of tliiekeiin.^ rou^heinii{, wd whitish d.s. 'duration r. 
yarded ns leukoplakia Inspection ot the s.tc ot the curd.on.voto.nv showed that the 
constriction had lieen opened s eti'taetonlv 



Elg. 5 Photomicrograph showing the transition from normal esophageal mucosa (right) 

to carcinoma (left) 

JUcroscopicallj, the lesion in the esophagus consisted of an ulcerated mass of wthllv 
proliferating anaplastic epithelial cells (Fig 5) The cells ^revv coherently forming ir 
regular anastomosing cords which penetrated the wall of the esophagus The cells, despite 
their anaplasia, were distinctlv squamous in character, and numerous pearls with keratin 
ized cores were observed The fistulous tracts leading to the bronchi were lined entirclv 
by carcinomatous tissue, and tumor undergrevv and elevated the respiratorv mucosa 3Ur 

leraed^ol^v ^ br ° nch ' al COm,numcuUo!ls ^-orrespond.ng to the leukoplakia oh 
reed grosslv, there were patchv- areas of cornification of the mucosa 

the niht d anr al P , atWoglC findings were aspiration pneumonia, bullous emphvsenm of 
the nght apex, and postoperative pleuntts of the left lower lobe 

DISCOSSIOX 

P eds tsssurss ,he "«r ot ,hc 

tot was to. seen w.h ta second tot „S hamate*^ p£,£ e^top”' 


IS 


Tilt JOLltNU Ot THOIt VC.IC SUtGhKV. 


uotild hue revcikel tlie ksion Assuming that caiunoiiii had been louml m 
the .tutc i loi will ot the dilated esophagus at that time, an oiiginal pi in ot 
•’'11-yit d tu itnient would have hid to have been deuced Undouhtedlv the ten 
volitional opciation thiough the leit client with tesection ot the caidia and loiur 
two thirds ot the esophagus md high esophngogustiostom} would have bun 
tcilmualh impossible bei uise ot the inaihed dilatation ot the esophagus, its 
ehsloe ition into the tight thoia\ nul probible eailv att lehinent to the bituu i 
turn ot the triehea Accessibility would have been ditlieult bceiuse ot the anil 
ot the aoita One could hue eonsideied a two stage pioecduic, the first open 
tion being a lie 1 kr t.udionnopl istv, the second, l thor.icotomv on the light 
with loi tl excision ot the caiunoniatoiis nkei and ilositre ol tin esophagus m 
contumitv The dianictei ot the huge esophagus would leitauilv have par 
nutted this without anv danger ot stnctuie 

It is wotth emphasizing that the svniptom ot dvsphagii, the » udma! sign 
ot e are mom i ot t lie otheiwisc noimil esophigus, is valueless m the di ignosis oi 
m digit mev m aelialasia 1'irst ot all, some degiu ot ehsphagia is lire ul\ 
pi i si nt, md see olid, m all tin lepoiteil e im s unhiding our own, the cancer 
e>i igm i toil in the di! itcel middle thud md ohstiuetion hid not Inin prodiieid 
In this connection, it sliouhl he pomtcel out tli it i miiiihu ot st nnl ml p ithnlogv 
te\thoohs J 11 st ito tli it e ileilioina ot the esopliagus is mole like 1 \ to omir it 
points ot * phvsiologit n mowing" Such i tendenev isieitunh not evident 
m this group ot e isis 

l in lllv one Is tiinptcel to speellllte oil tin poss ihllltv ill it tin eleve lopllle tit 
ot i mu r in the esophtgus with e.mhosp tsin miv shed some baht on tin puho 
(,inon ot this i tul other milignum lesions Tin i n n>r »»> ehioiiu irrii itmu 
with mil iiiim itorv «hinges aitel h tiKopl iki i is eertuniv present \lsi), there 
w.ls v liisttirv ot eimsiiinption ot ah oliol i>\ ourpitnnt This h is hu n stigge sted 
,ts i possible jirulisjieesing tutor but st etistn ell \ no r« 1 itiouship bis bun 
de moiistr ittil 1 u 

s( mm utv 

A e ist, ot e irt moll) i ol tin i soph )„iis • oinplit iting t ireliosp isin is addul 
to tin sin ill iiunils r prt v loiuh reported ! In idv u ilnlitv ot tin moi< tr« epi* lit 
Us ot tin t opll 1- isiopt III llll'lrol 
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SOMC ASPHUTb OK BRONCHIECTASIS IN INKANTb 

I’HtNvNnoE Mfndez, Jk.MD^Lfon J Li- wi\, M 0 ,** 

\ND WIM-IH D L BUTSCU, J[ D *** 

Bi bb u o, \ T V 

Ol\( L suipusinjrh little lias been lepoited to date coiuenumj the sunth 1 
1 1 eat men t ot hi one hiei tasis m the intuit, we aie piesentinjj two i imawIh > 
illustiati difreient etiulogu tactms and stiess the ieasibiht\ ot i irh miwiu! 
inu nentnm 


C\sp KUORTs 

1 \M 1 U ih\ I* Q i^ed _**_ mouth* Plus tntmit w is hr-t -es u it tin h J,T '' 
i hiMn it - Ilospit ti \ Uf r 17 > uno, u lit a 2 »_ months ot a„e 1 hi j.risiitin h tunipla 
WHS pirnwMiml eouji sum 0111 wuk ot n„e 1 hi* svmptom hud lm mu pro^rt iw*‘ 
mort *t\irt and was wenitip 111ml with the produe turn ot it unions inue u- th *1 ^ 

itiustH nit! 1 vumisis were noted follow tnj, parow *uis ot cou^lmi^, 

1)n ph\ nil examination the thild was well developed ami well noun-dud v 

° l lOU *hintf and loiuult r Ude minus m the phnrvnv were nottd I lure was dullne 

pt rt m-'ion our the n^lit lower elust m < ompaiind hv distant l»rt ith sounds uni 
V mild normoe \ tn hvpothromn ainmii w is present V tuhereulm ]>itih test in diUu 
ot l liMIO n is negative amltrvptie aitivitv wns demon-trati d in the -tool 

V ihtst Him showed a de litiit« trian^ul ir ehnsitv at the ri„ht ha e with ‘ ll * 

ire is ut hr«»m liopiu uiiioni 1 heptat roe nt «,e no^raphu -Indus revelled this d*n*>n J 

h iHit \ to In e oust int 

l r« itnunt with untihiotus resulted in eliunil improvement and tin infant m- 
■'Uh i^uentlv elt-e hur^eel However re lelmi- uni wa- in«e irv within two months 1 * 1 
the s\ mptonis reeurred In the interim si^os ot m ilnut rition end < hronu dim lol * 

eonn t vide ut 1 he previous «Ii a-it v in tin ri^ht ehe-t on the rm nl^e no^ram n imitu I u 
i limine il dll, 1 

Hroinhoseopv was performed iml loom ho^r tins w*r* m td< Phis eoutri-t tudv f 

' e lie <1 i ele Unite - lee 111 er hrom lile e I l-i- III t he n„ht low» r lol e ( p J i 

I’ulimm irv r» eetun wa- l« oh l up* n and the intuit wa- trinsierred to the ur„t l 
hv i i m i* r pre p ir itw.n In Dee ml e r I*• »u a ri„ht l«»\ * r loht * totnv w is p* rt »f 
^ k * l* mnn exhibited IilTu « i tiler I mm ho t i i with poruh nt hromhiti* <Pi* 

r 111 UII V e III 1 Ul J * l J e r it l V e Ilf i the Mil kilt Will «11 * hur^t *1 oil the t J 

i I' Il e nt^e a i„r e] hi e \ eiiuri eli it «i the he-t el th time ot h h ir K . rivd I l * 

\ ulu ur\ . 1 *> t>li I ir j 1 it 


Hits }> it It Mt lllustl lies llie edisi rv itlnlis mule In \\ ivm||‘ Hi 1MJI Ih 
1 * ill Il« 1 th it it r it mil «il the heWe r h»hi s U i> n! te II ]}i< nm |de t» lor is loMtf us t " 
weeks liter iorth III tills It ! Hit the .Hise t ee| ptlllimn i rv ells, lse \V is I st lid id t ‘1 
durui^ lie Mrs vee! «*t hie It ipjn ttsehit tin piihtd»uu tl ilium luipuliieon ir 
‘huuts urr»el vnlnii tvv.e in m n> 1 his rej»id pith^em-w illustriUs l «♦ i 
‘I 111 I hr»» » It e t l Is Ml ev ell V. ! (j » 1 « n s 1{M riMlpo * 1 eell lie II * t -,1 

s U»he el * -e >1 | * l v III irv i I! el* « I'k to (in ju »jhjht e»I 

^ h ‘ ' i * Ue ^ e V > d k tee »!• U»s [ t*e * *} i ,t this ^rollp * ? 

11 » \ 1 r r 5 i ^ e* * e e \j H s i ** t jml i in ip «j j 
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C\SE Z —Infant J D a„e\l lb mouth' Tim pitnut was idmitted to the JiulT ilo 
Children’s Hospital tilth a histore ot reeeiit expo'iiro to luliereuIo'H The' sMiiptonn, 
'i„Ti' and Iibontore studies eoniiriiied the di i^iiom- ot tube r» ulotts menin^iti' '■'piillu 
the'rapt was 'tarted 

Dullness to percU"ion and riles were pre'eiit unr the refill low> r idlest at tho tune 
oi admi"ion Koentgeno^raphie examination ot tin the t rete-iled i ri„ht lower Iuh ir pneu 
mania 



F.S 1 AdmU'iuti chest recnt S eno S ra„i 'howln„ trlan„ul er 'ha,low at right base. 





Fi? Bronc hogram 1 Q oblique position. .Note 


saccular dilatation* 0 f rlel.t , 

01 «Sht lower lobe bronchL 
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After intensive therapy, the infant improved, and was discharged from the hospital 
after a ten months’ stay It was noted upon discharge that the pneumonic process had 
failed to resolve Atelectasis with bronchiectasis was thought to be present in this area 
(Fig 5) 

In view of continuing clinical improvement, surgical resection of the involved portion 
of the lung was considered feasible Boentgenogrnphic studies, utihzing a contrast media, 
indicated bronehiectatic involvement of the right middle and lower lobes (Fig 6) Fol 
lowing adequate preparation a right middle and lower lobectomy was done 



Fig- 3—Low-power mlcrophotograph. Lumen of bronchi filled with exudate Note bronchiec 
tatic changes with e\idence ot chronic inflammatory reaction 


L 

4 —Client roentgenogram taken at time of dUchargc from the hospital 
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The pathologic specimen themed a diffuse c\liiidnnl broiu hiecta-'H Ytclcrt isis 
and interstitial infiltration with lcuhocitcs were eYident Considerable libro-os uns noted 
surrounding the pulmonars arteries (hig 1) 

No pulmonnan disease was endent at the time of ill sell irge (hi„ M 





54 


THE JOURNIL OF THORACIC SURGER\ 


A discussion ot the picceding ease must considei the abnoimal pulmonan 
physiologc 1 esulting tiom u se\eie and piotiacted illness The pathogenesis 
seems to be one of paitial bionelnal occlusion and atelectasis supeiimposed on 
an infectious pneumonic piocess 

Nelson 3 is o± the opinion that the bionelnal obstiuction and bronchial in 
lection aie basic mechanisms in the pathogenesis of bionchiectasis 



iir 7—Low power mlcrophotokraph Note bronchial wall replaced with flbroua tiHMue L\1 
tkncc of chronic Jn/lamnmtoo changes and nttltctasls 



t*ik s —Clu *t rot'nli.in ;r un t ikcn at Mini of )I Ui irj. 


from the ljn->pltaL 



MtNDE/ tT \L 


mtONLUlH.TV'l'-. IN lWWTa 
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P_, a.0,, S o.l,e, ;T:Z 

tan st.estal a. „„ u»l>»><•'"■ ’' „ ,^ Wll! i lw> l0 

tals Field' an,,bed lbO , ol ■' » ' ““ „ lta , J Met 

disposing conditions Fiicimiou,., oiu o , iMiongli Ulbcrmlosis .mil 

;:X^ P i:“ 6 nired,TsI me mob.,1,U usponsible .» «h 

a i erj small uumbei ot cases 

RENlk.Y> ov Till 1ATV.UVltiUV 

Bronchiectasis has been estimated to constitute about ]ur cent ot all 
eb,ldtod alclS - Sano.b.»ih- beboied dial SO J*. ie.it ... .« -- 
b.onchieitosn, could be traied to the carl! data ot He o' 1 '- -' s 
50 per cent of adult patients date the onset ot then disease to childhood Pc 
and Kin« s reviewed 400 eases ot bronchiectasis Then hading-, indicated th. 
in 69 per cent ot the senes, bronchiectasis occnned hetote the twentieth 'eat 
of bte, and 42 per cent occuned bctoie the tenth \eai ot ltle 

The etiologs of Inonclnectasis lcniams controsersi il and the pieseutaticm 
of a clear pathogenesis is otteu difficult This bronchial disease has been cate- 
goucalh dmded into congenital and atquned Upes It nun he s<iid that, 
although mam theones ha\e been adcocated, the tiue congenital ionn ol the 
disease is lare and does not base a piedilection loi the lower lobes J LngeP 
beheccd that a congenital weakness ot the bronchial walls occasional!} exists 
This inherent weakness plus lespirnton infection might produce the changes 
of bronchiectasis 2Ie\er’s 11 studi le'ealcd bronchiectasis in siblings to be 
tourteen tunes more iiequent than in the geneial population Nelson s J group 
bebeied that the tiue congenital toun ot bronchiectasis and ostic disease ot 
the lung were closeh allied 

Acquired bronchiectasis has mam caued etiologm fuetors Exanthematous 
diseases, pertussis, respnaton mteetions, foieign bodi aspnatiou, sinusitis, and 
pneumonia have all been suspected Atelectasis with associated bronchial in¬ 
fection seems to he the immediate causatne factors 

The mortaliti and moibiditc rotes of bronchiectasis are high In Table I 
are tabulated moitalitv figuies of untreated bronchiectasis 


Tvbtf T 


SOCBCF OF INFORMATION | 

\lmber op ClSES 

\ moktautn (per cent) 

1 Perry and King's 

400 

20 

i Selbvit 

50 

06 

3 Boles and Toddis 

49 

46 9 

•1 Bradshaw, Putnev i. Clerfu 

in 

34 5 


*A twel\ e-j ear follow up stud} 


Lebert 13 anal} zed fifty-tw o autopsied eases of bronchiectasis Of this group, 
21 per cent had died within the first } ear of the disease, and 75 per cent were 

dead within ten years of the onset of the disease 


Certainly, the above fignies indicate that bronchiectasis lias 
tality rate within a short period of tune 


a high nior- 
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Some years ago Brennemann 15 stated that the cure of bionchiectasis la) 
m the scope of early surgery The argument would seenr to be how safely can 
such procedures be carried out rather than whether surgery should or should 
not be done The two cases we are reporting illustrate the feasibility of early 
operation in the infant The ease of Baby P Q appears to be the youngest 
age recoided in the literatme for extirpation of bionchreetatic pulmonary tissue 
Obviously, younger infants have been opeiated upon for congenital cystic 
pulmonary disease 

The surgical moitality rate in infants and childien seems remarkably low 
as compaied with the mortality rate of medically treated bionchiectasis 

Results m the suigieal treatment of bronchiectasis in infants and children 
aie shown m Table II 


Table II 


SOURCE OP INFORitATlON 

| \ UMBER OF CASES OPERATED | 

MORTALITY (PER CE.NT) 

1 Field 18 

50 

2 

2 Stneder 17 

25 

0 

3 Edwards 18 

38 

0 

1 Nelson 1 

25 

0 


Othei authors (Riggens, 18 Buckles, 5 Field, 10 Bohiei 21 ) pouit out the mor¬ 
bidity and occupational loss sufteied by these patients The inevitable picture 
ot advanced bionchiectasis is one of elnonie invalidism, mental lethnigy, and 
social maladjustment 

Boluei and Lester 20 piedieated that such eases will be referred for suigieal 
treatment moie fiequentl) 1 as pediatneians lealize the comparative safety ot 
operative intervention While no one denies bronchiectasis can be treated 
medically, such treatment leqiuies endless, intelligent, methodical attention 

SUAIII VR\ 

Two infants developing bronchiectasis while under observation arc de 
scribed In both, bionelnal obstruction with infection was the apparent cause 
In one infant the obstiuction developed in connection with an unexpanded 
lower lobe In the other, the obstruction was associated with the depression 
accompanjing a tuberculous meningitis Both wcie completelv relieved of 
their pulmonarx disease b) operative extupation 
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THYMIC NEOPLASMS 

Edwin R Fisher, M D , Donald Coburn, M D , and Donald B Efpler, M D 

Cleveland, Ohio 

I NVESTIGATION of the liteiatuie pei taming to thymic neoplasms reveals 
disagieement and confusion Pei haps much of this is due to the rarity ot 
the lesion Ciosby 1 in 1932 reviewed all the eases of malignant thymic tumors 
up to that time and found only 1 66 eases Theie have been, subsequently, 
approximately 100 additional cases on xecoid However, until lecently 3 there 
has been no single laige senes leviewed and lecoided by one group of ob 
seiveis It becomes appaient that many of the leviews ot the subject offered 
little moie than the peipetuation of eontioveisial and diversified opinions 
and observations 

Anothei souice substantiating the lack of agieement legaldmg these 
tuniois has been the vaned opinions about the embiyogenesis of the thymus 
gland and the exact identification of its eellulai components Clarification is, 
of couise, neeessaiy befoie a piopei classification and undeistanding of these 
neoplasms can be obtained It is the geneial consensus that the so called 
tliyniocjte is, m tiuth, a lymphocyte, and that the so called zeticulum cell, or 
leticuloepithehal cell, is epithelial m nature aiismg fiom the entodermal 
epithelium of the thud bianchial cleft These are the cells which form 
llussall’s eoipuscles Refeience to these as leticulum cells appeals un 
nail anted as well as confusing, since it beais no lelationship, embryologically, 
to the leticulum cells obsened m the tissues ot the leticuloendotlielial system 
It becomes appaient, then, that pnmny neoplasms of the thymus gland would 
be eithei Ijmphoid, epithelial, oi of a type demonstinting a combination of 
these elements Although m Ciosby s leview 1 two-thirds of the neoplasms 
ueie consult!ed as Ijmphosaicomas, neveitheless lefeienee is made to the 
otciuience ot epithelial elements tending to foim structures similar to 
Hass ill’s coipuscks as i means of identifying the thymic oiigin of such 
neoplasms Othei ltporttd mst luces of Ij mphosai coma similaily mentioned 
the pieseiict oi epitlieli il tells in then microscopic descriptions The ljmiphoid 
tuniois is tmphismed In V\ il!is 3 and liiftned hi St.vbold and associates 3 are 
exccedmgh rate Toot, 4 as veil as Svnimeis,- also consideis the mixed 
epithelial and hmphoid tape the most common With this inther simplified 
concept ot tin line stiuctuu one is able to urnt it a lathei piactical classifica¬ 
tion The iollounig tvpes ire reeogni/td (1) h mphosai coma, (2) caicinoma, 
13) 1\mphoepithcliom.i (siiml n to the 1\mphoepithclionias encountered in 
the upper respintoii tnct), md (4) carcinoma, grannlom itous tjpe The 
1 liter group li is been welt eleseribed In f uwenli iupt' as rtpicsuiting tuniois 
oi immatuic tlnnue epitheliil cells intermingled with a polvmorphous in- 

h~rvm the Cleveland Cllnle anJ lhc funk E. 1 unU I-lucatienal Institute. 
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Blood pressure was 130/90 Abdominal examination revealed the presence of a large, Arm, 
slightly tender mass m the right upper quadrant extending to the right flank. It did not 
appear to be continuous with the liver 

Laboratory examination revealed 3,900,000 red blood cells, hemoglobm 10 8 Gm, and a 
white blood count of 5,900, with normal differential Urinalysis was negative, as were Kahn 
and Wassermann tests 

Roentgenograms (Fig 1, A and B) of the chest demonstrated a large, soft tissue shadow 
extending from the left hilum superiorly and anteriorly The mass had a smooth border 
and was somewhat lobulated The right lung showed several soft tissue nodules in both the 
upper and lower lung fields The heart appeared to be normal. Urography demonstrated 
inferior displacement of the right kidney with incomplete filling of the superior calyx The 
opposite kidney was normal m configuration 

Hospital Course —The thyroid nodule was removed for histologic examination. 



Fin 1 —A and D Anteroposterior and oblique roentgenograms of the chest. Case 1 


iUcroscopto Examination —(Fig 2) Sections stained with hemntoxj lin, eosin, and 
methylcno bluo revealed n neoplasm replacing all but a few thyroid follicles Tho neoplastic 
cells were polygonal, cuboidnl, and round in shape with pink staining cytoplasm, many of 
which wero indefinite Tho cell nuclei were for tho most part vesicular, with modcrato 
lrregularitv An occasional nntotic figure was noted The tumor cells were arranged in 
clusters which, m areas, showed a tendency toward whorl formation An occasional lympho 
L \to was present among and between cell ma^cs 

V Wilder’s reticulum stain demonstrated n fine reticulum about some of tho cell groups 
However there was no reticulum manifested about or between individual cells 

Diagnosis —Carcinoma ol thymic origin secondary in the thyroid The patient was dis 
charged from the hospital, and is current!} receiving roentgen therap} on an outpatient basis 


CvsE J_V 4a vear old white man entered the clime with rather severe periodic cramp 

p , im m t h c rlt> l,t flank bixtecu vears prior to this complaint, ho had noticed difficulty in 
swnUovvmi and some* associated generalized numbness and weakness This hud progressed 
_ . oa evasion had become severelv incapacitating A dl ignons of mvastheuia gravis, after 
therapeutic tc.ts, was made three wars later The patient eluted that tho u-e of prostigmino 
had • Aca him exceptional relief He remained well controlled with tho use of several ampules 
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v.o fpncnt complaint ho began to have bouts 
of prostigmme dailj About four ’.cats pti diarrbia tli seventy of tho generalized 

of postprandial dianbea. ^ requirement also decreased The patient 

weakness became inmmiized and km ^ J thc taae of admission he nas taking 

bad lost 100 pounds durmg tbo last^ W cnkuess for twenty four hours 

one ampule of prostigmme ao^Uat emaciated white man m no apparent 

Physical examination revealed a ta , - . % n3 ^ as examination of thc 

«». a£» *—» •* “•“.r. Btal F o.,u,« 

.... l ^ w >—»“ '’“" ra 

“* d tz:;:^i-:r,L e *„ -— >v--> 

Urinalysis, Wasserniann, and Kalrn tests were nega ivc 



Fig 


—Thymic carcinoma In thyroid with lew follicles remaining 

1X275 ) 




Roentgenogram of the chest revealed tracheal compression at the left of Di and Do, with 
slight deviation to the left There was narrowing of the trachea just below the sternal 
clavicular junction with no obstruction A soft tissue mass to the right of the trachea at the 
level of tho clavicle was noted The left lung field was clear Moderate pleural reaction was 
apparent over the upper right lung field with a soft tissue infiltration at the base. A number 
of circular areas, with increased density suggesting pleural and parenchymal metastatic 
lesions, were present on. the right Examination of the skeletal system was negative Chole 
cystography and gastrointestinal roentgenograms, as well as an intravenous urogram were 
negative 

A thoracotomy was performed, at which tune a large tumor mass was discovered ex 
tending from the anterior mediastinum to the adjacent right parietal pleura. Several tumor 
nodules were noted in the right long and one was removed for histologic examination. 

Microscopic Examination —(Pig 3, A ) Sections stained with hematoxylin, eoain and 
methylene blue revealed a neoplasm formed by masses of cuboidal, and polygonal shaped 
cells with indefinite pink staining cytoplasms The cell nnclei were irregular and for the most 
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part vesicular with occasional liypercltromasia, mitotic figures and a rare atypical mitosis The 
tumor contained moderately dense connective tissue trubeeulne In arena there was whorhng 
of the epithelial cells resembling Hassell’s corpuscles The epithelial elements appeared to 
lie in a stroma composed of mature lymphoyctes, some of uluch Mere intermingled with the 
opithebal components of the tumor Approximately equal proportions of lymphoid and 
epitholial elements Mere present 

Sections treated Math Wilder's reticulum stain revealed a moderately dense reticulum 
about cell groups 

Diagnosis —Lyniplioopithelioma of thymic origin m lung Tho patient uas given a 
course of nitrogen mustard therapy and discharged from the hospital To date, ono and one 
half years after admission, his gononil condition has been satisfactory 




i v 

Hi, 1 — 1 Pholomlcroirrnpli of neoplasm from Case 2 Patient had m> asthenia gravis 
(X27 r > I l Section of neoplasm from Case t Patient did not have mjasthenia. Identical 
hlstolufclcnlb to 3 l (X-75 ) 


C\bl 3—The pitient Mils a oh tear old white man hor three months prior to adnn-sioa 
he hud notned progressive vve ikne-s, slurring of speech, and ilillieultv in elevating his amis 
lie had also roeeatlv cxperieiiud dilHeuItv m closing his jaws All these symptoms Men 
aggravated bv anv form of phvsicltl exertion, uml uppe ired to bes oine progressively wore 

throughout the el IV Vn x rav e \ in.. of his elust, t tken two voters prieir to aelinission, 

hill disclosed the pre suit of e midi istin il tumor 

pin n il eximiuitiou reveuhsl a en II di eelo|xd, well nourished man uith u thick, slurred 
spee-ch vvlinll was lierelv intelligible He showed eoiisple nilile dillhultv in i he itmg Ins arms 
lx munition of the Inal neck, end elust was e ml tulle negative Wood pressure wins 
ISO/Ot) h x lima ition of the abdomen mis mgutive The clmn il di igneisis of mviistlii n,a 
gnvis vv cs eoiinrme.l hv the dnmiti re pon . to pro tgniim 

Hex trek irdie>„r iplne stulies were itne Iriimh is was ul-o ne„ itive Hemoglobm 
u us 11 Gm , and the white Wood i< uni vv is ,, >00 


v 
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Roentgenogram ot the chest demonstrated small, scattered cakim utions in the left 
hilar region and lelt pulmonarv parcuchvma There was a smooth, homo,,, neous m i-s in the 
right hdum and anterior mediastinum 

An anterior rnedi istinotomv ins pertormed through i stern d splitting luemon Vn 
oval shaped neoplasm situated in the anterior mediastinum oierlung the aorta w is eiieountered 
The tumor measured ipproximateh 5 b\ 3 br 2 em The neoplasm appireiith was en 
eapsulated and was rather eusilv removed in toto 

Pathology (Rig d, -d and B ) The spceimen consisted of an uvuid m es weighing 
Gun and measuring 4 bi 3 bv 2 em At one pole a eonelihe prolou 0 ation was evident 
The outer suriaee was eovered bv a smooth, glistening, transparent, whitidi 0 ra\ eap-ule The 
ent suriaee revealed the main mass to be comprised of vellowisli 0 ra\, -mooth, glisunin 
tissue with mterspersed, irregular areas of vellowish griv necro-u- •'eetion through the priT 
longanon revealed vellowish grav ti-sue with irregular areas ot hemorrh ige 




4 —.1 and B 


Outer and cut surface ot neoplasm 


removed in Case 3 


Microscopic Examination —Sections , 

blue revealed a neoplasan comprised pnoe.paU o' «*,», and methvlene 

shaped, rather large, epithelial like ell v h Dnk However, irregularly 

what vesicular nuclei were pre ent amon.Th! ? \T"* and irregular some 

clusters An occasional mitotic ngnre was evS ‘T In *** mass’es and 

areas a tendency to whorbng was evident Arm / /V* 1 UUclear bvperchromasia In 

However, a recent report I pi - s ^ WeU for approx,matelv tw oa m c Mq,med 
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ance of tho symptoms of myasthenia gravis, which now require prostigmme therapy There 
are also symptoms indicating superior vena caval obstruction. The patient is receiving tx 
ternal \ ray therapy to the lesion 

Case 4—A 37 year old wlute woman was admitted to the Cleveland Clinic for a routine 
physical examination At the time she had no complaints A routine examination, four yean 
previously, revealed a normal roentgenogram of the chest 

Physical examination was essentially negative 

Laboratory studies revealed a red blood count of 5,100,000 cells, white blood count 
15,075 with a normal differential, hemoglobin 12 5 Gm Urinalysis was negative, as were blood 
Wassermann and Kahn tests Stool examination revealed the presenco of Endameba 
histolytica 

Chest roentgenogram demonstrated a largo, rounded shadow projecting outward from 
the right mediastinal area The mass had a diameter of 8 5 cm, and projected at least 4 cm 
lateral to the right of the spmo Lateral dims revealed that the mass was located in the 
anterior mediastinum Roentgen examination of tho gastrointestinal tract was negative. Tho 
putient refused thoracotomy at that time. Uouevor, several months later the patient was 
readmitted to tho hospital because of shortness of breath and pam in tho right side of the 
chest 



A It 

He 5 — l anti It \ntcroi>oslcrlor anti oblique roentgcnOErnms of recurrent neoplasm In Case 3 


Physical examination at the time of tho second admission revealed a vigorous, healthy 
looking', well developed, well nourished, vvluto wouinn in no apparent distress Examination 
was e«.entnllv negative, except for modirato decreaso in expansion of tho right sido of the 
chest with decreased breath sounds nt the right base and Ilatuess to percussion in tho sumo 
irea. Tho remainder of tho examination was negative 

Exploratory thoracotomy was pcrionncd under cndotraclie il anesthesia An inoperable 
anterior mediastinal tumor with extensive pleur il nietast mes was discovered Pleural implants 
were rather large, varying from 3 to d cm in cross dianict* r The neoplasm also had invndtd 
the right lung by direct extension V biopsv was taken lrom one of the pleural implants 

UierOSiopio Examination —(I i 0 s 3, B and ti ) '-cctioirs stainc il with In matoxy lin, cosin 
and metlixltno blue rcVcilid a neoplasm formed by two types of e. Ils, caih csiurring m equal 
quantity One eUl type was mature Ivmphoeytes, tho other which demonstrated thecthko und 
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i t,,i The epithelial cells were cubonlal and pohgonnl 

.luster arnmgem^ts Appe^ed epi^atul ™ m dennite. Nuclei *tts for the moM 

m shape although their ^ Wa3 »ae welt denned. Oceao.onnl mitotic 

part, vehicular and ■tregular m b - ' IQrm _ Occasional nuclear hvperchrounu.u was 

nguxes were frequent as well as a rare vp Ivmphocites noted V tumor 

r r“ - • ■»* 
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v™, administered The patient was discharged from the hospital three months ago 



Flc o —Tumor thrombus In endothelial lined space from neoplasm In Case 4 (XIQ 1 


Case 5 *—A 37-year old white housewife presented herself for examination with the chief 
complaint or occasional epigastric distress and a sense of f ulln ess in her neck. Roentgeno¬ 
gram of the chest one year prior to admission to the hospital was negative There were no 
other complaints 

Physical check up revealed a well developed, thm, 37 year old white woman in no acute 
dustresi Head, neck, and lungs were normal. Blood pressure was 104/76, pulse was 96 per 
minute and regular The r emai nder of the examination was noncontnbutory 

laboratory Examination —Erythrocyte count was 4.71 million, and hemoglobin 13.2 
Gm. per cent, the white blood count was S,400 Urinalysis was negative, as were Kahn and 
IVassermann tests. 

Roentgenogram of the chest revealed a dense shadow in the anterior superior 


A thoracotomy was performed, and a large portion or a lobulated, nonemapsulat 
mediastinal neoplasm was removed. It was noted that there was extreme extension Lo ti 
upper portion of the left lung 


Cb*ri^ 1 Ho^ft|j, W CTe^row£ 5Ueh courte * y of Dr Philip Graf and t> r Eart e a K 
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Microscopic Examination —(Fig 7, A ) Sections of neoplasm removed from the 
mediastinum revealed a granulomatous like lesion comprised of large, irregularly shaped 
epithelial like cells, measuring approximately 40 microns m diameter Cytoplasms of these 
cells were for the most part indefinite and pink staining Nuclei were large, m many instances 
lobate or horseshoe shaped with prominent nucleoli These epithelial like cells lay in 
dividually scattered among a polymorphous infiltrate comprised of lymphocytes, occasional 
neutrophils, and rare eosinophil There was also a moderately dense, relatively acellular, 
collagenous connective tissue stroma with tendency toward trabeculation In some areas there 
was pronounced necrosis 

bections (Fig 7, B) of neoplasm from the lung rovealed masses of epithelial cells ar 
ranged m sheets and clusters somewhat similar to those noted in the mediastinal tumor 
However, they were smaller and more uniform in appearance, with round nuclei These 
epithelial masses lay m a stroma comprised principally of lymphocytes 

Diagnosis —Carcinoma of thymus, granulomatous type 

The patient’s postoperative course was uneventful, and she is now receiving roentgen 
therapy 



Up 7 — 1 sicttun of neoplasm in Can » from main miaiastlnnl mass Note prunulom 
atous ima irune with larpt atiplcal ulP (XJ77) It section of neoplasm in turn, from 
s llm ia , t ,i, monslrithu, moi, epitlu-lful like e Us (X-iTV) 


DIsLILnSION 

Although none ol the i iscs piesentul have licui autopsiul nevertheless the 
histologic ippcirinct ot the ncopl isms is well ns t lit n locntgcnogr lplm ami 
moss nitons it tin tunc ol tlior iiotouiv suhst mti it< s then tlmnic oiigm 
Thc‘\ tulftll the ulentHMiig it ituris ol thvmn neoplusms is st itul In /outs ,J 
These are <1> 1 irgc lolml ited tumors it the site ot the tlivmus, ( 2 ) t \tuisum 
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behind the sternum without infiltration ot the bone, (3) imohcment of the peri¬ 
cardium and plema bv direct extension, and (4) a resemblance to thj mic tissue 


on histologic examination 

Histological!' the tumors aic sumhu m that the' contain both epithelial 
and lymphoid elements in vnv\mg proportions The neoplasms liom patients 
ur Cases 2 and 4 demonstrated equal hmphoul md epithelial components 
whereas the tumoi in Case 3 was predominated' hinphocetie and that m 
Case 1 piedonunateh epithelial The neoplasm classified is careiuoma 
granulomatous tvpe resembled those tumors iccenth dtsuibid b\ lowen 
haupt b ' Although thee present a nucioscopie pntuie not unlike that «1 
Hodgkin's disease then tiue epithelial nature his been uell exphined b\ 
indicating then lesemblantc to nnmatuie thcmie epithelium I he liitciprcta 
tion ot the histologic appearances ot the h\e tunuus studied icsemblcs the 
more lecent concepts ot the stiuctuie ot tlivnic neoplasms 

A perplexing question foi the pathologist to answci is whether a gnen 
thvuuc neoplasm is benign oi malignant CcitauxK this distinction cannot he 
made tiom histologic stud) alone, as eudent tiom the studi ot the neoplasms 
reported here oi the much laigei senes ot ^e\bold and associates 3 All ot the 
neoplasms stiubed demonstrated some mitleai h' peichiomasia mcgulant' 
and pleomoiphism as well as an occasional pathologic mitosis m one Further 
these tumors show a definite tendenc' toward imasioii ot contiguous strut- 
tuies, and the occuiienee of distant metastases in a laige piopoition ot cases 
as indicated h\ Ghosh' 1 and Willis 3 makes it appaient tint all thmuic neo¬ 
plasms must be legal dec! with extieme suspicion L\ eti with appaient encap¬ 
sulation aucl complete lemovil as m out Case 1 leuuiente otuuied two 'oars 
subsequent to smgei' This tuither emphasues the necessit' ten caution m 
the piognosis of thvmie tuniois 

As has been pievioush mentioned, theie aie no histologic cnteiia which 
enable one to differentiate the thvaic neoplasm associated with m\asthenia 
grans fioui those tumors uuassociated with this disease The concept that 
malignant throne tumois aie not associated with nnasthenia grams must be 
altered Deiow and co-woikers 10 ha\e stated that appioxunateh 10 pel cent 
of thvnue neoplasms associated with mvasthenm grams encioach upon con¬ 
tiguous structures, and thee hare icpoited a case with lntrapulmouan 
metastases Our Case 2 is epute sinulai, m that pulmonan metastases ueie 
also present 


It is mteiestmg to note that m this small gioup of thymic neoplasms onh 
one presented symptoms mdicatmg mechastmal obstiuetion, the classical 
symptoms associated with these tumors In one, the fiist clinical mamtestation 
'' as the piesence of a metastatic nodule m the ths i old One w as diseoc ered 
during a routine roentgen examination ot the chest This lattei patient had 
numerous ptan.I ...plants ,t the „me of thoracotomy, ye, tad no syTptom, 
at the t. m : the lemon teas five, tecotnetl Too ot the inrnois „e,e aLLted 
i h myasthenia grans It has been estimated that To per cent ot the nalient 
-nth thymic tumor ha, e turns,hen,a grams, uhercas 50 per een, of ,hl paUcS 
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■with myasthenia gravis will also demonstrate an associated thymic tumor 
The eases of thymic tumor associated with myasthenia gravis are unusual 
from a clinical standpoint One patient, Case 2, experienced definite relief 
fiom the symptoms of myasthenia gravis which had been present for thirteen 
years with the apparent onset of the thymic neoplasm, and his piostigmuie 
requirements were reduced suggesting that a prostigmine-like substance was 
being elaborated by the neoplasm This effect was also manifested by the 
occuirenee of intestinal hypermotility Microscopic study of the neoplasm 
offeied no explanation foi such behavioi since it resembled other tumors in 
the gioup Although pharmacologic studies of these tumors have been at 
tempted, their results have been discouraging No similar case of thymic neo 
plasm and myasthenia gravis has been leported in the literatuie The other 
patient with the thymic tumor and myasthenia gravis experienced relic 
fiom his myasthenia following the removal of a thymic neoplasm Exaccrba 
tion, howevei, oceuired with 1 eminence of the tumoi These unusual features 
as well as those in the patient descnbed by Fehrshtand and Shaw 17 (m whom 
the symptoms of myasthema developed aftei the lemoval of a thymic tumor) 
demonstiate not only the unpi edictability of the clinical course in patients 
with myasthema gravis and thymic tumors, but also oui inadequate inter 
pietation of their relationship 

The cases reported have not been followed foi sufficient penods to alio" 
foi the evaluation of therapy However, it might be stated that the use o 
mtiogen mustaid theiapy 01 x-iay theiapy has been disappointing This a s 
been the experience of others who have lepoited on longei followup periois 
on tins type of treatment It appears that, when possible, the tieatmento 
choice is surgical excision of the neoplasm Seybold and associates ha\c 
obsened no recunences in then gioup tieated m this mannei 

SUMMARY 

The literature pertaining to thymic neoplasms is reviewed, with an attempt 
toward presenting a simplified understanding of terminology, embryology and 
classification of these neoplasms 

Thymic tumors may be classified into (1) lymphosarcoma, (2) car 
cinoma, (3) lymphoepithelionm, and (4) carcinoma, granulomatous type 

File cases of thymic tumor are leported One of the patients with 
myasthenia gravis studied demonstiated pionounced diminution in the symp 
toms and prostigmme requirements of a pie existing myasthenia giavis with 
the apparent deielopment of a thymic tumor, suggesting that a prostigmme 
like substance was elaborated by the neoplasm 

The frequent occurrence of unasion of adjacent structures, ns av ell as the 
occurrence ot distant metastasis and lack of histologic difference between so 
called benign and malignant thymic neoplasms, indicates that all such tumors 
must be regarded with suspicion The recurrence ot a tumor which had been 
apparenth encapsul ited and completely remoicd two yeirs alter operation 
(Case 3) emphasize* the caution necessary m prognosticating the clinical be¬ 
havior oi these neoplasms 
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There is no histologic criteria by -which the tliMinc tumors associated with 
myasthenia gravis can be differentiated ftom those unaccompanied by this 
disease 

Tbynuc tumors unassociated with m\asthenia gia\is mat be asymptomatic 
Only one of the three patients without m\ asthenia giaus presented the moie 
classical symptoms of thymic tumoi 

It appears that suigical extirpation is the treatment of choice although 
many cases on initial observation aie mopeiable Nitrogen mustard therapy, 
or x-ray therapy, has been for the most pait disappointing m the inoperable 
cases 
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INDICATIONS FOR A DELAYED ROENTGENOGRAM IN 
BRONCHOGRAPHY 


Irving J Kane, M D , and Saul Heiser, M D 
New York, N Y 


I N MAPPING out the extent oi suigical leseetion foi a patient with bron 
chiectasis, a delayed film folloyving bronchogiaphy may pio\e to be of eon 
sideiable value Often impoitant ui establishing the piesence of bronchiectasis, 
such a delated film may also help avoid needless sacufice of tissue by ehmiuat 
mg uncertainty concerning a specific bionclual segment Lung tissue may thus 
be consened without the lisk of eompionnsing a complete cuie 

Tlnee cases have been selected to demonstrate the value of a delayed loent 
genogiam in bionchogiaphy 


C VSE 1—Bronchography a as performed for preoperative localization of bronchiectasis 
Definite dilatation of bronchi was disclosed in the right middle lobe (Fig 1, A) There nto 
appeared to be obstruction and some cylindrical enlargement of an adjacent bronchus in d |C 
anterior segment of the right upper lobe (arrow) In the delayed film (Fig I, B) obstruction 
to the latter bronchus is seen to have been overcome Return of the bronchial caliber to norms 
with filling of its peripheral branches excluded any need for removal of this lung scgnnn 
(arrow) 


C VSE 2—Bronchography was performed in this patient to determine the status of * ' l 
bronchial tree Extensive saccular and ejhndrical changes y\ere demonstrated w the c 
upper lobe bronclu (Fig 2, J.) A suggestion of cjlindncal bronchiectasis "as also note 
in the lower lobe The latoral film (Fig 2, B), taken after some delay, disclosed these lower 
bronchi to be of normal caliber except for a peripheral branch of the posterior basal segment 


C\SE 3—Bronchography was undertaken because of clinical suspicion of bronchiectasis. 
Tho immediate film (Fig 3, J) revealed incomplete filling of the left lower lobe bronchi 
without significant alteration m their proximal portious By allowing further gnu Ration 
of iodized oil into tho basal segments, tho delayed film (Fig 3, B) disclosed both «iccuhir 
mil cylindrical bronclucct iscs, which might otherwise have been orerlooked 


DISCUSSION 

Although techniques lot bioiuhogi ipln hate been discussed in numeious 
articles, 1 u no dnect relucntc has been made to the indications foi a delated 
loentgenogram Only Damns 4 iccogm/cd the \ due ot additional films in the 
semi study ot Inonchnl filling lot inllanimatoiy ind neoplastic lung chunges 
Assuming a satislacton technique loi instillation and distnbution ot ton 
trust medt t thiough the \ u urns segments ot the bronchial ttec, thete aie four 
t 

"Ivj 
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some « the B'^e’Ttteslm oUnuMtmn'o! m’Lml o.l .>«»«■> to. M.no.l 

s o^:r: 
.. 



A B 

Fig i—I Immediate film following bronchograph} Right lateral \lew disclosing 
bconehlectatsl* In the right middle lobe. In add! Ion the arrow Indicates obstructed and 
dilated bronchus In the anterior segment of the right upper lobe. B Deln>ed film following 
bronchographi Similar film taken a few minutes later Indicates obstruction of the bronchus 
In the right upper lobe to hate been due to transient air block. The oil Is seen to hate 
penetrated to the perlpherj of this branch Its caliber hating returned to normal 


2 'Tofume of Contrast Substance Used —The influence of this factor on 
filling of the peripheral bronchi is an obvious one The piesenee of an excess 
of iodized od m the proximal bionehus excludes the question of inadequate con¬ 
trast substance as a cause of incomplete visualization 

3 Temperature of Contrast Media —Reducing the tiscositj of iodized oil 
by heating increases its speed of flow and its abflitt to entei stenosed bronchi 
Howevei, such changes in nseositt fat oi alveolai filling and make satisfacton 
distribution of the oil moie difficult Affecting i eduction in viscosity of Lipiodol 
bt dilution with a pure vegetable oil has the added disadvantage of decieasiim 
its radiogiaphic densitt A short interval between the immediate and delated 
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film allows the body tissues to affect wanning of the oil with some 1 eduction 
m its viscosity and favors gravitation into the penpheial bionchi, unless they 
are completely obstiueted 

4 Patency of the Bionchi —If we assume satisfactoiy contiol of the above 
factors, patency then lemarns the most important deteiminant in outlining 
the bronchi of any lung segment Retamed secietions, matenal trapped b\ 
stnctuie 01 by kinking of a bronchus and air blocked locally by the mflov of 
contrast substance, may each impose considerable, though tiansient delay in 
the passage of iodized od Incomplete information or uneeitamty concerning 



FIs -—l Immediate film folloalnp: bronchoRrunhy In addition to obvious snrrulnr and 
cylindrical bronchiectases In the left upper lobe the bronchi in the lower lobe nnJSSri!,! tn be 
obstructed and dilated. D Delajed lateral film following bronchocraphy Left ?le» 

disclosed the bronchi of the loner lobe to bo of normal caliber except for a perlnw^ branch 
S5em 3 an‘bh«k 3 a'f Um'broncJ h ° ot *»*« Imme<llate film Has 


mdiuduil brontln may result irom such interference with their patency The 
delated film lollowing bronchography helps to eliminate Mich transient sources 

ot contusion . . . 

V defined roentgenogr ini is mdic ited when ex imn.aUon of the Wet film 

;vrj ’brl."- - .. 

brmciics , t fi\c minutes, in a position laiorintr 1 tru 

should be m untamed, tor about me "!» Bnvit a t Ion 
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ot Die contrast substance into the lUiWlcd scs "'™^‘ ^uJaau.g^i'TOtiivi 

should be instructed to breathe t«• >entrance of the 

dilatation and elongation ot bronchi as a Smtlier aid 

iodized oil M-Vs 1. 2, and 3) 

It roay be seen trout the accompany me lUnstiatioim^ ^ ^ 

that the delayed am follotvmg hionc ■ P th/noed , 01 additional in- 
by serving the following JOT-** <“ h^ph ' due to .,no„„ileto filling 

i ' jd “ !>,juL b,omh “ i 



A. B 

Fie 3— A, Immediate film following bronchography Loner-lobe bronchi are seen through 
the shadow ot the tett \entricle. These appear obstructed the one indicated bj the arrow 
being BugeestWe ot minimal cylindrical ectasia. B, Delayed film following bronchography A 
few minute* later the bronchus which appeared slightly dilated was seen to be ot normal 
caliber The more lateral bronchus visualized Incompletely on the immediate film clearly 
shews cylindrical dilatation which might otherwise ha\e escaped detection 


dilatations winch might he mistaken for minim al bronchiectasis and needlessly 
included in resectional lung surgery or subsequently classified as “reversible ” 
The immediate roentgenogram following bronchial instillation of iodized 
oil remains essential to a eleai demonstration of mucosal pattern, bronchial 
distribution and the interrelation of bronchi Delajed loentgenograms follow¬ 
ing bronchography are, therefore, not intended to replace but rather to supple¬ 
ment the immediate films The delayed roentgenogram voll not obviate the 
need for expectorants, antispasmodies, postural drainage or bronchoscopy when 
these appear indicated as preliminaries to bronchography 
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SUAIM VR\ 

The puipose and indications toi a delayed loentgenogiam following bion 
ehographj aie outluied Bionchogiams aie piesented iiom tlnee lllustiatne 
cases Faetois lelevant to the subject ot bionehial visualization aie levieved 
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ATRESIA OF CERVICAL ESOP1I VGLS 

E IC Johnson, IID ,* vnd J L IIingukdi, II D 
Bkookiaa, X Y 

A TRESIA of the cervical esophagus Lorn a filnomusuilai stenosis ot the 
A. cneophan ngeus muscle is extiemeh rate The simple ami eftcctn e method 
of theTehef of the atresia makes this case u 01 tin ot 1 epoi ting 

CVSE REPORT 

E B 51 S360, a 12 year old schoolgirl, yvns admitted for the third time to St Man a 
Hospital complaining of didiculti in swallowing for ci 0 ht ve irs She was able to swallow 
liquids only in the past three cents, and dunug the past rear she would require twenty 
to thirty minutes to dnnk half a glass of water Her swallowing w w unchanged In 
emotions, fatigue, or diet There was no associated coughing, choking or di sputa 

Past history revealed a tonsillectomy at the age of 3 sears, and fever of unknown 
cause six months later Hesitancv in swallowing was noted ibout one \car after ton 
sillectomv Poor dental hi giene was noted, with extraction of uppi r incisors ono year 
ago Ho menses had occurred The patient was about tlurtv pounds underweight 

Physical Examination—Temperature 98 3° F, puKe M, respirations 22, bodv weight 
39 pounds The patient was malnourished and small of stature Her head was well formed, 
upper incisors missing, tonsils absent, pharynx showed healed tonsillar fossa Chest was 
symmetrical, no rales, heart tones were clear Abdomen was sott, normal female gen 
italia, extremities symmetrical, reflex physiological 

laboratory Data —Hemoglobin 10 9 Gni , red blood cells 4,01)0,000, wlute blood cells 
12,890, urinalysis negative, Wassermann negative Chest roentgenogram revealed no pneu 
months, esophngram revea'ed atresia at ericopliarvngeil region (Figs 1 and 2) 

Hospital Course—Pbarvngo=copv showed a stenosis at the pharvngeo vsophageal junc 
tion that would barely admit a Ho 16 dilator The muco-a was intact and normal The 
left pyriform sinus was distorted in contrast to the opposite structure The luriux nus 
normal 

A Sbtamm gastrostomy was performed for feeding purposes and also for the retro 
grade introduction of radioopaque material m the lower esophagus The study showed 
a normal esophagus up to the cncopbnrvngeus Ho rndiopaquo material passed above 
this area The patient was placed on a balanced gastrostomj feeding totaling nearlj 
2,200 calones a day The patient remained at home for several weeks, and gained six 
pounds 

Upon readmission she appeared markedly improv ed ill nourishment and grow th 
She received penicillin lozenges four tunes a daj, and oral hy giene twice a day 

An exploration of the ceri ical esophagus was performed under gas oxy geu ether 
anesthesia with an intratracheal catheter A left sided semi cnllor incision was made, 
and the trachea and larynx mobilized The left recurrent laryngeal nerve was retracted 
and tho left inferior thyroid artery to the esophagus was divided so that the entire 
cervical esophagus and the lower third of the pharynx were exposed The phnri ngeus 

t ““ a “ ”»®***t" relaxation o! tb, area A T ' h '”“ sh 

•—** —— ».«. .v4 ~r/:.'r P crr 

Received for publication Jan. 28 195 > 

Pr0t ^ r of surgery state Untvera,* ot Aew y ork , CoUegft q£ 


75 




pjg- i —Posteroanterlor esophagram 


Barium failed to pass Into the esophagus. Pharynx 
outlined 



JOHNSON AND MVNGIVRDI VTRESIA OF CFRMCVL EhOPH \GUS 


portion Thereafter the anesthetist was able to ruidih paM a JOF uithotcr V 

portion of the sphincterlihe band was excised for microscopic stud\ blight scpurition 
of the longitudinal muscle elements exposed the mucosa which was intact and nppnruith 
normal The cervical incision was closed in Inters after placing a Penrose drum to the 
lowest part. An all silk technique was used throughout (Fig 1) 


Fig 


3 
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The microscopic e\ unination of the resected sphincterlike muscle band showed "normal 
striated muscle fibers The blood \ easels appear normal There is no deuce scar tissue 
Scattered areas of fibrosis can be seen between muscle fasciculus’’ (Fig 4) 

Her eonvaleseenee was uneventful There Mas a slight huskiness of her voice the first 
dav, and on her third postoperative day she was ambulatory and beginning to take solid 
foods fslie was discharged after gaining sixteen pounds 

A vear later the p ltient had gained another twenty pounds Fluorosiopic observation 
of a barium sw illow failed to show an} hesitancy She states that she can eat all kinds 
of food rapidlv and without distress (Fig 3) 



Fin ■>—I ostopcrutlv c i soplmnr im 1 arluin pissed rcadllj Into thoracic csophunus Slight 
Indentation In crlcoplmrvnscal area but no obstruction 

CO VIJIFNT 

The etiology ot the stenosis nniv lie n longenitil aticsii ol the esophagus 
oi a posttoiisillectoinv 11 ti oph n \ ngeal abscess The itrtsi.i is suggested 1)\ t In 
mtaet ami nutnml nuuosa anel the hit k of pdiaesophige.il flhtosu Some eltfli 
tultv ill swallowing eotiltl hive been pitsenl euliei hut nusseel heiatisc ot tin 
voting ige ot the p ittent The tlinit il lotirsc howevci lavoi-s a low grade m 
teetion ot the letioph H v ngeil iret lollowing i tonsillei toim with the develop 
meut ot hhiosis m the ph il \ ngetis must It and t ontr letion ol the t ritophai \ ngetis 
muse le The distortion ot the lelt pvriltnui sinus would 1 noi this view 

V jueliniin nv _ istiostomv w is eonsideretl essential lor lnipiovmg the pa 
tieiit s nutrition A more csscnti tl pin pose w is the Utiiupt to determine the 

inissihiittv ot additmn d toiiti i« tuns m the lowt r portion ( ,i Hil tsoplngus 
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Multiple stuctuies ot the esophagus would cause one to laioi lesection with 
esophageal oi esophagogastnc anastomosis A localized contiaction would sug¬ 
gest a segmental lesection ot the esophagus with a dnect anastomosis 01 tlie sill) 
stitution ot a skm-lined tube as in the Mooki\ piocedmc The nnploMiunt ot 
the Heller pioceduie was stiongh taioied when it appeared that the mucosa 
was noimal and intact Hellei’s operation toi cauliospasm ot the lower esopha 
gus was modified b\ tieemg the sphincteilike band and lcsecting .1 poition 
The proceduie collected the atiesia eftectneh as endowed In the bulging 
longitudmal muscle fibers thiough the cieatcd defect 

SUitil CR\ 

A raie case ot ericophanngeal lticsia is piescnted, with a simple lughU 
effectne conectne pioceduie 



EFFECTS OF INCREASED ENDOBRONCHIAL PRESSURE, VITAMIN 
A DEFICIENT DIETS, AND NASOPHARYNGEAL INSTALLATIONS 
OF BACTERIA ON THE TRACHEOBRONCHIAL TREES OF 

YOUNG RATS 

Jajies F 0 ’Neill, M D , H H Br idshaw, M D , Feld t Hightower, M D , 

and D E Ward, Jr , MD 
Winston Saleh, N C 

T HE many theories legal ding the causes of bionchiectasis have been eapubh 
leviewed by Anchus, 1 by Adams and Escudeio, 2 Lisa and Rosenblatt, 3 and 
by Mallory 3 Much experimental woik has been done on the pioduction of 
bionchiectasis, and the investigations and leviews of Wembeig, J of Adams and 
Escudeio, 2 and of Tannenbeig and Pinner 0 aie outstanding The effects on 
the lespnatoiy tiact of complete and paitial bionehial obstiuction, atelectasis, 
infection, and vanations in mtiathoraeic piessuie have been studied by mam 
woikers 

In discussing case histones of patients with "idiopathic” bionchiectasis, 
clinicians have fiequently commented on the following obsei rations (1) the 
onset of symptoms in the eailj' years of life, as shown by Peny and King, 5 42 
pei cent of w hose patients had the onset in the first decade of life, with 69 per 
cent ot the patients de\ eloping the disease befoie the age of 20 yeais, (2) the 
tiequency of the onset of sjmptoins of bionchiectasis following bionchopncii 
monia—pertussis and otliei lespnatoiy infections have been discussed by Field*, 
and (3) the same authoi has descubed the pool mitiitional status ot most of the 
patients with bionchiectasis 

It is of niteiest to note the two iactois which aie common to this condition, 
chronic cough and malnutiition, and to consider the possible lclationship which 
such iactois might ha\e to the decclopinent of bionchiectasis 

Cough ns a bionchodilatmg iactoi consists of two components (a) the m 
creased cudobionchinl piessuie dining the compiessne phase of coughing nil 
mcdiatelj piecedmg the expulsnc phase, and (b) the deep inspiiatioiis im 
mcdiateh piecedmg and following a cough The physical tactois actne m 
coughing, and the \anous opinions leg tiding its lclationship to bionchiectasis 
hu\e been lcnewul bj Andrus 1 

Malnutrition ma\ li nc two important sequelae, paiticulaih m patients 
with broncluect isis (a) gcnei li decicasc in lcsistancc to infection, and (b) 
the specific effect on tiaihcobioncln il epithelium resulting fiom inadequate 
\ it mini V mt ike oi utilization This 1 ittci effect, .is shown bj Moii, J bj Wol 
b ich liul Howe," 11 and be Wolbich uul Lessee, 13 consists ot met ipiasi i anil 
her itmu itmn ot normal epithelium, probable occurmig fust m the respiriton 
ti let 13 but iNo lurching the ilnncntarr mil uiintir tracts as well as the tecs 

sriim til. D. I>.irun nt of sur^ors Dram in i r i> School of Nt.lh.lm W ike hurt*! Coll. 
Iscctlv J for jiublU ilJon 11 

VJ 
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and the paraoeulai glands The resulting loss ot ciliated lcspiratori epithelium 
has been consideied a tactor m decreasing the resistance or the rcspiraton 
tract to miection The increased incidence of icspiiaton liitection in utamm 
A depleted animals has been discussed b\ Clausen, 11 Robertson, 1 - and b\ Steiner, 
Greene, and Kramer 1 ' 3 Respnaton inteetions, including biomlneetasis, occur¬ 
ring m many children until cvstie fibrosis ot the pancreas, hate been described 
bv Anderson, 1 ' bv Farbei, 13 and bi Zuelzei and Kenton 19 Mant or these same 
children demonstrate metaplasia ot the rcspiraton epithelium associated uith 
vitamin A deficiency, which in turn is piobabh a sequel of the pancreatic 
disease 

Consideration was therefore gueu to am effect winch clnomc cough might 
have on bronchi whose epithelium had been altered be vitamin A deficient?!, 
with and without the elements ot induced intection Attempts uere made to 
studv these effects experimeutallv in rats, and am relationship the\ might lime 
to bronchiectasis The element ot bionehial obstruction was purposelv molded 

Rats were felt to be satistaeton animals lor sueli a stud\ because ot ease 
or handling and production or vitamin A deficiencies, and because tlici do 
develop bronchiectasis Vilens and Sprout 30 studied 4b7 rats of an inbred 
strain of pare albino rats of Osbom-hlendel stock, all ot uhich had died spon¬ 
taneously at average ages ot 700 to 750 davs, and round bronchiectasis and 
lung abscesses in 75 per cent of them Saxton, Barnes, and Spelling 31 studied 
the lung changes in rats ot lanous ages, and did not find am bronchiectasis 
oi chrome pneumonia pnor to 250 davs or age, with an increasing incidence 
oi these diseases in lats above this age All animals used in the studies to be 
repoited ueie less than 250 days old at the time the\ uere sacrificed 


EXPER1MEXTS 

Group I sened as coutiols and received a regular diet consisting ot the 
lollowing 

Protein 24 S per cent 

f, 8 ® 4 6 per eem 

p °f r , , 4S per cent 

CarbohTdrete 49 3 per cent 

Aitrogen, tree 44 4 per cent 

. 9 o per cent 

Vitamin A blG-bSO 

International units per 100 grams 

Group II leceived a regular diet and was also subjected to increased endo¬ 
bronchial pressure of 10 centimeters ot water ioi thirtv minutes a dav The 
endobronchial pressure was created by using air-tight metal chambers with 
5 (Flgs 1 and 2 > The wa U ot each chamber was made of rubber 

,»rd or b«ta«d The tobet ZM'Zal 
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a souite of an piessuie, and the system fitted until a water manometci to allow 
foi aeeuiate adjustment of piessiue, and also equipped with “safety” manom 
etei's to pievent piessiue in any chambei exceeding the pie set le\el The 
antenoi chest wall was lemoved from a lat and it was noted that this appuiatus 
would mciease endobionchial piessuie dining both mspnatoiv and expnatorv 
phases and give some simulation of the cough mechanism The piessiue was 
set empmcalfy at ten centimeteis of w r atei, and each lat w'as held m the chamber 
thutj minutes daily fiom 21 to 109 days (aveiage, 72 days) 

Gioup III leeeived a diet deficient only m vitamin A (United States 
Phaimacopoeia XII, page 636 ) The following vitamin A deficient diet was 
used 


Vitamin free casein 
Salt mixture 
Dried jeast 
fetarcli 

Vegetables oil 
\ ltannn D 

Units per gram supplied bj 


18 per cont 
-t per cent 
S per cent 
63 per cent 
5 per cent 
3 USP 

irradiated ergosterot 



clmmber 

The nlr lnllow tube water manometer anil water safetj \al\c maintain the +10 cm of 
water pressure of air upon the animal s head 

tiioup IV leteived a diet deficient in vitamin A and was subjected to 
increased tmlobionthi tl piessiue is m (iroup II 

tlioup V received i tull diet md iccened one nusophurv ngtal instillation 
li\ pipette, ot 0 25 c c ot t suspension containing a 30 jiei < cut pure culture 
ot alpha st ri plot mi us ami 50 permit st iplnlucoccus 

(iroup 5 1 w us given t tomlmiaiioii oi a diet deficient m vitamin A jilus 
the n Lsoph irv ngt d instill it ion ot h ictci la 

(iroup 5 11 received i tin t defit It lit ill v ltannn A w is suhjec tul to im u Lst cl 
uulohronihi tl pressure uni n.Lsopli in n„i il instillation ot hasten i 
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In the vitamin A deficient groups the 
betore the bacterial suspensions nere instilled bivti to sexeutx 

allowed to establish the deficient 

PXTHOLOGlC CHANGES 

mie„ tile annual!. « oi aete *ordk«l, the Uatliea »*■ 

^ trjrjrttrsx .- - 

hematoxx lm and eosm 

Qioup 1 (15 rats, controls ) The contiol gioup or mung rats Mas saui- 

ficed at average ages or 170 duxx, and on microscopic examination the no n 
or all were round to he normal The lungs or three animals showed slight 

emphx sema 



Fig 2 —-Lse of a batteo of luclte tubes and pre5sure chambers permits six animals to 
be exposed at one time to increased endobronchial pressures. A water manome er is seen 
abo\e each chamber The central glass jar with six tubes entering the water comprises the 
safety \al\e arrangement to pre\ent pressure in an> chamber exceeding the pre set le\el 
of id m. of water 


Group II (15 rats, legular diet plus increased endobi one Inal piessuie 
tor an axerage or % dais) This group showed noimal bionchi with no exi- 
dence of dilatation, but the lung tissue m all showed moderate emphx sema and 
led blood ceU congestion in the pulmonary blood vessels The lavers ot the 
bronchial walls were normal, and showed no changes which might be attubuted 
to the increased pressure 


Group III (15 rats, vitamin A deficient diet foi an average of 79 daxs ) 
All animals showed metaplasia ot the cxhndneal or cuboidal tvpe epithehum 
to the squamous keratinizing tvpe, which was attributed to the vitamin A 
uefaeiencx The fibrous and muscular tissue ot the branchial walls was elearlx 
demarcated, xvith no abnormalitx noted. Eight ot the rats showed normal 
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bronchi and seven showed dilated bronchi Thirteen of the group demonstrated 
slight to moderate emphysema and led blood cell congestion m the aheoli 
Two lats showed infiltiation of neutiophils m the bionchial walls along with 
exudate and inflammatory changes m the lung paienchyma justifying a (hag 
nosis of bionchitis and pneumonia m each 

Gioup TV (15 rats, vitamin A deficiency established and ineieased endo- 
bionchial piessuie for an average of 66 days ) Fouiteen lats showed meta 
plasia of the lespiratory epithehum The fifteenth animal did not demonstrate 
it, due pzobably to insufficient time (25 days) on the vitamin A deficient diet 
Eleven rats showed normal bronchi and foui revealed dilated bionchi, although 
evidence of bionchiectasis was not present m the bionchial walls All showed 
emphysema and led blood cell congestion in the pulmonary alveoli m Group II 

Gioup V (18 rats, legulai diet and mtianasal bacteria foi an aveiage 
ot 92 days ) Bionchitis was found m only one rat in this gioup and there 
weie no othei significant findings 

Gioup VI (19 lats, vitamin A deficiency established and mtianasal hue 
tena foi an aveiage of 87 day's ) Again theie was evidence of pulmonan 
emphysema and led blood cell congestion in alveoli in all animals In this 
gioup there weie foui animals showing evidence of bionchitis, five demon 
stiated pneumonia and six lats developed pulmonary abscesses Theze was 
no evidence of bionchiectasis 

Gioup VII (15 lats, vitamin A deficiency established, increased endo 
bionchial piessuie, and mtianasal bactena foi an aveiage of 83 days ) All 
animals showed pulmonaiy emphysema plus led blood cell congestion in the 
alveoli Vitamin A deficiency was produced in all of the lats of this gioup 
betoie the bactenal suspension was uitioduced, and 30 to 45 days weie allowed 
to elapse aftei bactenal instillation befoie the animals were sacrificed There 
was no evidence in tins gioup ot bionchitis, pneumonia, pulmonary abscess, 
oi bronchiectasis 

DISCUSSION 

In young healthy lats, metaplasia of the lespnatoiy epithelium, increased 
endobionelnal pressures and bacteria instilled into the respiratoiy tract, did 
not, either siuglv oi in vauous combination, undci the conditions of the experi 
meats, pioduce any changes in the bronchi or lungs which could be inteipreted 
histologically as bronchicct isis It does not rule out the possibility of achieving 
difteient results by v living the degree ot duration ol endobionelnal pressures 
used, the duration ot dietary iiisuihcicntv, or the quality oi quantity of b.ic 
tcrial uist illations Uoutvei, unv results obtained in rats more than 250 davs 
old would be difficult oi impossible to interpret Goldblatt and Bcmschck" 
hive round tli it vitinnu A dcficicncv alone m.iv produce lnlection and abscess 
m the bronchioles ot r its due to blockage by the kei itmized cells which have 
licen sited iroiii the w ills Pulmonurv nuectioiis then mav occur lroin the 
bicteria theulv normalh present it the site, bacterial growth being i nored 
bv poor drainage, eh id tissue uni the Ink oi < diarv iction untl inctaplasi i 
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and mucus secietion winch aie the sequelae of the metaplasia Two animals 
in Group III that ivere on the vitamin A deficient diet alone showed hioncliifis 
and pneumonia but no evidence ot bionchiectasis 

All lats subject to mcieased endobionchial piessuie did develop some 
degiee of pulmonaiy emphysema, even though lats in all other gioups, not 
subject to incieased endobionchial piesauies, also showed vaiying incidences 
of emphysema (Table I) Such findings would tend to suppoit the opinion 
c\pi essed by Audi us 1 that the foices active in coughing may be so distnbutcd 
as to cause pulmonary emphysema 

Of the thiee gioups ot animals leceiving bactenal installations, the group 
on noimal diet showed the least ehange, only one animal developing e\ideate 
ot bionclntis In the group with vitamin deficiency alone, moie changes occurred 
following installation of bactena than in the gionp with vitamin deficiencj 
plus elevated endobionchial piessiues Why such a diffeience should occur 
is not eleai Tannenbetg and Pinnei, 0 using rabbits, intioduced mtectious 
mateiial into the bionehi distal to the point of bionchinl ligation, and demon 
stiated seveie broncliiectatic changes m the Jung distal to the bionclnal ob¬ 
struction, while the opposite lung showed extensive bionehopneuinonia 

In all animals used heie, the element of bionclnal obstiuetion was pur 
posely avoided, and the absence ot bionchiectasis in these lats ivould tend to 
lend evidence in suppoit ot the theory that complete 01 paitial bionchud 
obstiuetion, piobablv plus infection aie essential to the pioduction ot bionchicc 
tasis The findings would Juithci tend to favoi the opinions of Paibei 1 * and 
ot Zuel/ei and Newton 1 " that in the pioduction of bioiicluectatic changes in 
the lungs ot childicn with cystic fibiosis ot the paneleas, the blockage of 
bronchioles bj thick, tenacious mucus is piobublv a moie mipoitaiit tactoi 
than the metaplasia of the bionclnal epithelium 

SUMW VUY 

1 Met vplasiu and kuatiiu/atiou ot the biomlual optlhcliuni (ouhl be 
piodiucd m \oung healths nitsln the use ol wtaimn A dehcient diet 

2 The effects ot the tluee lollownig iactois (a) metaplasia ot biomlual 
epithelium, (l>) ciliated ciidolnoiichial piessuie (10 <m ot w.itei delation 
toi thud minutes daih om a'tiagc pcuods ot 72 <lais), and (c) misophai'H 
ged instillation ot bactena (027 cc ol a suspension ot equal jiaits ot alpb i 
sticptococn and stuplnlococci intioduced once) wcic studied in \oiing health' 
lats, siugK mil in \auous combinations Vaiiotts dcgiccs ot pulinonan cm 
pli'sema weic piodiucd, ilong with a lew instances ot bionclntis and lung 
abscisses but tlicre ucie no histologic cli uiges in the lungs ol urn ol the ini 
in ils to Miggc st tint In ontlucc tasLs li id been piodiucd 

J Tlic ihsciicc ol bionchiectasis m tlic lats studied would stun to lend 
t_\ lclciHc m support ol the tlicorc that complete oi paiti il broiic In il obsti tic tioii, 
piobibls pills mtcctioii, lie cssmtiil to tlic piodiu tioii ot liiimilmit isis 

riu luthor- \\i-h to tin tr „mt< ful aj»j»r»xi it ton to Dr (* runt \ hltv ainl 

j. ir ,l PuUtr-oii l«r ihor i -I'linu m tins work 
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TRANS-STERNAL TRACHEAL EXCISION FOR CARCINOMA 

Report of a Case 

George R Minor, M D 
Charlottesville, Va 

THE successful tieatment of obstructive lesions of the mid-tiacbea is lendeietl 
A difficult because of the piesenee of the overlying gieat vessels and sternum 
Heretofoie, foi the management of tiacheal neoplasms we have had to lely on 
the incomplete endoscopic removal of the endotiacheal poition of the giowth 
or on the doubtful effect of roentgen theiapy on lesions of a type which com 
monly show little 1 espouse The following case lepoit demonstiates the ieasi 
bility of applying the principles of suigery foi malignant lesions to this part 
of the body Only one similar nistance could be found in the bteiatuie 1 

J S B, a 62 year old retired white rural mail carrier, first noted hoarseness about 
Dec 1, 1048, ten weeks before admission, following an upper respiratory infection Thu 
hoarseness continued with a "raw” feeling in the throat and slight discomfort on sunl 
lowing The patient’s general health was excellent Ho had become slightly deaf in the 
last few years, there had been the usual childhood diseases, he had hud repair of inguinal 
hernia in 1912 and an appendectomy m 1937 He was a heavy smoker and an occasional 
heavy drinker Otherwise Ins history was negatne 

Lary ngoscopic examination under topical anesthesia with pontocaino was performed 
on Fob 9, 1949, at winch time a whitish tumor mass was found which was situated ou the 
right \ocal cord, occupying its entire length and jutting into tho posterior commissure 
A biopsy of this lesion revealed it to bo epidermoid carcinoma, Grade I If The putionl 
was admitted to tho University of Virginia Hospital on Feb 17, 1949 On physical ex 
animation he was found to be a slender but noil developed elderly it hi to man The only 
significant findings were moderate hyportrophy of tho tonsils, a feu sliotty corneal nodes 
and a modemto systolic hypertension The blood Wnssermann and Kahn tests were negative 
The urrno uas negatne Tho blood urea was found to be 17 mg per cent Tho plasma pro 
tun was 6 7 Gm per cent The hemoglobin was 13 Gni per 100 cubic centimeters (34 pi r 
cent), and tho red blood cell count 4 45 million per cubic millimetor The wluto blood 
cell count was 13,000 per cubic millimeter, and the differential count was normal 

On Feb IS, 1949, a total laryngectomy was performed under anesthesia with intru 
venous sodium peutothal supplemented bv local infiltration of 1 per cent procaine Tho patholo 
gist reported "Epidermoid carcinoma of tho larynx. Grade III, involving tho loft vocal 
cord, the left elastic cone, and tho posterior commissure ” Tho patient had an unconi 
pheuted convalescence, und lett tho hospital on March 1, 1949 no returned on Murch 9, 
1949, with labored respirations, and a crust of inspissated mucus vvus found and removed, 
with immediate relict On repeated checkup examination lie was found to bo doing well 
except tor -light crusting ot tho truelieostouiv, until Nov 17, 1949, when u slightly piled 
up grav elevation was noted 1 cm within the tracheal ostium, ou the patient’s left and 
anteriorly Biopsy vvus reported us epidermoid carcinoma Oil Dec 1, 1949, five radon 
seeds were implanted anteriorlv utter removal of recurrent neoplasm with cup luopsv 
toreeps 

On Jan 19, 1950, visible tumor ti—uc vv is secu projecting into tho trachea from its ante 
rior wall 1 cim within this area, which dvsctiargvd a small amount of serosanguineous material 
He was admitted the tollowiug dav tor rocnt 0 en therapy which vv is administered between 


h ronl the section of Thoracic burner} Lnlversitj of \ Ir^lnl t Hospltul 
Itooclic-J for public itton lib Uo- 
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Jan 21, 1950, and ]?eb 7, 1950, to a total of 3,400 r over the upper sternum, suprasternal 
notch and tracheostomy site with the following factors 200 k\ , FSD 30 cm, 25 Mn, 
H.VL 1 mm. copper Roentgenograms of the chest showed a moder ite amount of cm 
phvsema with some flattening of the diaphragm The aorta contained much calcium, and 
the radon seeds implanted Dec 1, 1949, were visualized as small opacities oierlung the 
fourth dorsal vertebra There was no evidence of osseous or purcnchvmutous wotastnscs 
At the tune of discharge on Feb S, 1950, there was a marked hvpercinia of the skin in 
the treated areas and some recession of the \isible tumor On March 30, 1950, there was 
some limitation of the airway, which had progressed b\ April 27, 1930, to the point where 
the lnryngectomv tube could not be inserted By Mai 11, 1930, the tracheal stenosis had 
become marked and the patient was again admitted Examination choired him to be 
using accessory muscles of respiration The tracheostome site was surrounded bi a 
slightly elevated run of firm tissue The neoplasm was \isiblo within the ostium us a 
grayish red, granular, firm projection from the lateral walls, particular)! the right, which 
extended down the trachea for a distance of 3 to 5 cm and reduced the airwai to a 
vertical slit 2 mm in width Kb cervical or supracluiiculir nodes were pulpaldc and the 
trncheostomj and recurrence were freely movable Roentgenograms of the chest showed 
no change from the previous stud) of March 30, 1950 




Fig 1 Outline drawing o£ skin incision. 


The thoracic consultant felt that miti., e 
because of the extensive irradiation, a Wfaire \TT°n ^ ^ Serous 

a few weeks .Since there .s no evidence of metl ra 7 T be fata) mthln 

we feel that a tracheoplasty through the divided ItT* ^ aSph ^ la 18 inevitable, 

P and presm e« with a saline 
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sponge, with the mm of constructing a skin tube if the remaining normal trachea should 
not be long enough to reach the skin oxer the sternum Ail incision Mas then extended 
oxer the midsternum and doxxnxvnrd nearly to the xiphoid and upxx'ard to encirclo the 
tracheostomy (ihg J) 1’ho suprasternal notch xxns cleared of ureolur tissue between the 
heads of the sternocleidomastoid muscles and the index Anger inserted into the anterior 
mediastinum The sternum xvas split longitudinally ivith the Lebsche knife Tho tin 
roidea lma xein xxas divided between ligatures close to its entrance into the left in 
nominate xein This latter structure was Inter dmded between ligatures and suture 
ligatures to expose the innominate artery and left common carotid artery as far down as 
the point where they originated from the arch of the aorta The trachea was located 
in the V shaped cleft between these arterial structures The intratracheal tube was now 
remoxed, the trachea thoroughlx suctioned, and a sterile intratracheal tube reinserted on 



i 


r 

* ^ - *-Sktttli allowing the relationship of tin. tumor-bearing upper trachea to tin, neighboring 

\a*<cu/ar «tructurea 

the operator's side of the m run iJns eoimttttd In rubber luluu/if to the anesthesia 
imuhim over the top <»t the vruii l)us allowed the trueheostonn to he eneireled ami 
the tumor htunn^ portion of the upper trmhei ujh },rnduullN treed of its surrounding 
fibrous and muscular attulumnts J) The ri„ht lobe of the thvroid was < ut uwav 

from it- ittui hineiit to tin upper trnlieu wlmli was then < lrefulh elovated arid dissected 
tree postiriorh trom the interior h\popharv n\ It was telt that during tins dissection 
all tlu tumor was nuiotid I he tumor appireuth extended /or about 1 nil down the 
traiheL iroiii It', extern il opeiiin^ On the ri^lit lateral *<ide ot tin truehea just below 
the thxroid two lar^e smtulent nodes wcr« dis-eited out with the traelu i wltnh nai now 
ehxited l itWied the iiifiomiii itc arterv uul th* Ut t common iarottd arterv almost as 
t ir lowii Us thi hifuri ition s *t mi* iri ill ir opi imi^s in tlu louir manubrium u*r< run 
n tiefid MV w -o that when tlu sternum -hotild la pullt I together, an adi/pmf# *>i»* 
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through its central portion would he present to tllow the emergence of the trachc i to 
the shin (Fig 3) At a point about 1 cm below the lower portion ot the recurrent car 
emoma, the trachea was attached on both 'ides to the inner pcno'teum ot the sternum 
with interrupted sutures or Xo 3b steel wire The tumor containing portion was now am 



Fie 3—Drawing of the- mobiUzeJ trachea ifter aMhiI. n .k . 

semicircular openings in the manubrium"’ 01 ’ Jm "reparation of the 



excision. 
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putated From this point on, anesthesia was given intermittently by inserting a clean 
intratracheal tube into the trachea The prepared flap of skin on the left was appron 
mated to the trachea with interrupted double zoro chromic catgut sutures over two thirds 
of the circumference of the trachea on the left The sternum was now drawn together 
with a few interrupted No 30 steel wire sutures in the anterior periosteum and a flap of 
skin prepared on the right side which was then used to complote tho skin tube through 
the sternum An attempt was made to close the dead space previously occupied by tho 
upper portion of the trachea and the skin was closed in layers abo\o and below tho new 
tracheostomy Penrose drains yvore left in tho substernal space and in the upper medins 
tinum at the base of the neck Two areas left bnre of skin were then covered with split 
thickness grafts takon from the anterior thigh, a No 8 laryngectomy tube was inserted 
into the new tracheostomy and a dry dressing applied to the yvound The patient tolerated 
this extensive procedure quite well and left tho operating room with a clear airway nnd 
in excellent condition ” 

The report of the Department of Pathology read as follows “A tubular section 
of the trachea which measured 5 cm in length and 3 cm in diameter Seven cartilaginous 
trachea] rings are included Tho surface is covered with grayish fibrous adhesions and 
attached to one sido near the distal end is an ovoid soft grayish nodule 1 by 1 by 1 5 cm 
The wall of tho trachea vanes from 3 to 7 mm in thickness nnd includes several areas 
of firm grayush white tissues suggestive of carcinoma The mucosal surface is slightly 
wnnkled and gray beneath which are fnablo, necrotic appearing pockets 4 to 5 mm 
across, which contain three yellow radon seeds Following a microscopic description tho 
final diagnosis was recurrent epidermoid enreraomn of the trachea with negative lymph 
nodes, adequately excised " 

The patient was given antibiotics and high caloric tubo feedings, nnd was ambulatory 
on tho first postoperativ o day His course was satisfactory until May 26, the wounds 
healing nicely and tho grafts showing a 90 per cent tnke On that date, the thoracic 
resident’s noto says "Tho trachea seems adequately anchored There is some slough 
of the skin edges and considerable sticky osudate ” On May 31, the wound was inflamed, 
and purulent exudate emerged from between the divided sternum Tho airway was 
satisfactory, although thore was considerable crusting of tho upper trachen The paticnl 
was kept in a Bmall room with a croup kettle, but ho still complained of dryness of the 
air and himself arranged a protecting framework of wire covered with flannel which he 
placed over tho trncheostomv and kept moist with water 

By Juno 28 ho had learned to care for tho trachoostomy, which was now freelv 
patent without tho tube The wound had improved greatly in appenrnneo, nnd drainage 
was not more than 13 to 25 c e daily (Fig 4) Tho temperature was usually botween 
'10 and J00° 1 He was discharged at this time but returned July 3, 1050, mobrinted 
There had been progressive improvement of tho wound and it was felt that tho sternum 
eventually might heal completely Ho was discharged July S, 1950 

f Torts yvcrc made to have this man return for checkup examinations, but no more 
was he ird of him until tho report ot his death Sept 30, 1950, at home from what w W 
apparently a sudden lnr„c hemorrhage from within the substernal space 

sinni 

This re]H>it desenbes the lccuuuite following total laiyqigectomy ioi epi 
dumold t irunoin i ot t similai lesion within the tracheostomy AVhethei this 
w is an extension, an nnpimtntion, oi the occmrcncc of a totally separate pn- 
m irv c uinot he determined The singled tre itmcnt of this lesion and its se 
(plell ie It tve been described 

KH-HttXCI 

1 \\ It-on Williitu I- Camir ot the Tracla i fitltLii A. ire m, r Tre itmcnt for (.amor 
ui the Lmui J Thokacic 1- II- l^u, 1I— 



ENDOBRONCHIAL CARCINOSARCOMA 

H E Taylor, II D , and M V Rae, M D 
Vancouver, B C 


t-p' Jig, term catcmosarcoma denotes a mixed tumoi containing the elements of 
1 carcinoma and sarcoma Whether such an entity actually exists is a matter 

of controversy , 

When faced with such critical leviews as those of Saphir and \ ass and 

Willis," one hesitates to use this teim m elassifymg a neoplasm Howevei, we 
wish to report two identical and unusual endobronchial tumors which show a 
srmilai histologic appearance, bemg composed predominantly ot spindle cells 
simulating a fibiosarcoma intermixed with which aie scatteied islands ot ob 
nous squamous cell carcinoma These tumors appeal to be quite distmctne, 
and m our opinion should be separated trom the usual hronchiogemc carcinomas 


CASE REPORTS 


Case 1—A white man, aged 69 years, complained of a persistent dn cough, general 
malaise, and fever of two months’ duration He claimed to have aspirated a cough drop 
during sleep, following which he had tightness in the chest and dyspnea There was no 
hoarseness, chest pain, or hemoptysis, but lus cough and dyspnea increased He had always 
lived a healthy outdoor life and had no medical consultations except for a gunshot wound 
of the arm in World War 1 and a prostatectomy eleien years pre\iou 9 ly He was a bemy 
cigarette smoker and used alcohol infrequently Physical examination showed restricted 
movement of the right side of tho chest with dullness to percussion and diminished breath 
sounds which were almost absent over the base The trachea was shifted slightly to the 
right 

Roentgenogram —There was atelectasis of the right lower and middle lobes 


Laboratory Examinations —Vital capacity was 1,500 cc, white blood count 10,700 
per cu. mm, sedimentation rate varied from 71 mm to 109 mm per hour (Westergren), 
sputum was negative for acid fast bacilli and for tumor cells, cultures gave a growth of 
Streptococcus hemolyticus 

A bronchoscopy was performed and revealed the right mam bronchus to be plugged 
with brownish necrotic tissue considered to he a bronchogenic carcinoma A biopsy from 
this showed only chronic inflammatory aad necrotic tissue interpreted as being related to 
the aspirated cough drop Following penicillin, a further bronchoscopy' was performed 
seven days later and showed a red fungating tissue filling the right main bronchus 
Several portions were removed, weighing in all 4 a grams Sections of this tissue showed 
a tumor of'sarcomatous appearance consisting of interlacing fasciculi of coarse spindle 
cells with large nuclei, prominent nucleoli, many mitoses, and some tumor giant cells 
lhia was interpreted as a sarcoma, possibly of neurogenic origin Pneumonectomy was 
performed three moaths after the onset of his symptoms No pleural adhesions were found 
and the middle lobe was atelectatic 1 


S» r 9ical Specimen—' This consisted of the entire right lung, the pleural surfaces were 
smooth The upper lobe was aerated, the middle and lower lobes were atelectatic Tn rt, 

T T "~ ““■"**> aw—, so,. 
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putated From this point on, anesthesia was given intermittently by inserting a clean 
intratracheal tube into the trachea The prepared flap of skin on the left was appron 
mated to the trachea with interrupted double zero chromic catgut sutures over two thirds 
of the circumference of the trachea on the left The sternum was now drawn together 
with a few interrupted No 30 steel wire sutures in the anterior periosteum and a flap of 
skin propared on the right side which was then used to complete the skin tube through 
the sternum An attempt was made to close the dead space previously occupied by the 
uppor portion of the trachea and the skin was closed in layers abovo and below tho new 
tracheostomy Penrose drams were left in tho substernal space and in tho upper medins 
tinum at tho base of the neck Two areas left bare of skin were thon covered with split 
thickness grafts taken from the anterior thigh, a No 8 laryngectomy tubo was inserted 
into the new tracheostomy and a dry dressing applied to the wound The patient tolerated 
this extensive procedure quite well and left the operating room with a clear nirway and 
in excellent condition ” 

Tho report of the Department of Pathology^ read as follows “A tubular soction 
of the trachea which measured 5 cm in length and 3 cm in diameter Seven cartilaginous 
tracheal rings are included The surface is covered wutli grayish fibrous adhesions and 
attached to one side near the distal end is an ovoid soft grayish nodule 1 by 1 by 1 5 cm 
The wall of the trachea vanes from 3 to 7 mm in thickness and includes several areas 
of firm grayish white tissues suggestive of carcinoma The mucosal surface is slighth 
wrinkled and gray beneath which are fnable, necrotic appearing pockets 4 to 5 mm 
across, which contain three yellow radon seeds Following a microscopic description the 
final diagnosis was recurrent epidermoid carcinoma of the trachea with negative lymph 
nodes, adequately oxcised " 

The patient was giv en antibiotics and high caloric tube feedings, and was ambulatory 
on the first postoperative day His course was satisfactory until Hay 26, tho wounds 
honling nicely and tho grafts showing a 90 per cent take On that dato, tho thoracic 
resident’s noto says “The trachea seems adequately anchored There is some slough 
of tho skin edges and considerable sticky exudate ” On May 31, tho wound was inflamed, 
and purulent exudate emerged from between the divided sternum Tho airway was 
satisfactory, although there was considerable crusting of the upper trachea The pationt 
was kept in a small room with a croup kettle, but ho still complained of dryness of the 
air and himself arranged a protecting framework of wire covered with flannel which ho 
placed over tho tracheostomy and kept moist with water 

Bv Juno 2S ho had learned to care for the tracheostomy, which was non frcelv 
patent without tho tube Tho wound had improved greatly in appearnneo, and drainage 
was not more than 15 to 25 cc daily (Fig 4) Tho tomporaturo was usually between 
99 and 100° F Ho was discharged at this time but returned July 3, 1950, inebriated 
There had been progressive improvement of tho wound and it was felt that tho sternum 
cvcntunllv aught heal lompletcly Ho was discharged July 8, 1950 

FITorts were made to have tins man return for checkup examinations, but no more 
was heard of him until tho report ot his death Sept 10, 1950, at home from what was 
apparentlv a sudden large hemorrhage troni within tho substernul space 

SUMM UtY 

Tins report dcsciibes the jceuuuiee lolJonmg total laryngectomy lot epi 
del mold tareiiiom i ot a similar lesion within the tracheostomy Whether this 
wus mi extension, an implant ition, or tlie occuirciico oi a tot illy separate pn- 
nury c liniot he dctcimmed The stugical treitniuit ot this lesion and its se 
(jucllac li i\e been described 

itrrutiM y 

1 U it on William I- X m,cr ot the 1 ri. he i 4 Utica y, lrs „y Ur Tre itnicnt for Can ,r 
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ENDOBRONCHIAL CARCINOSARCOMA 

H E Tvveor, MD, vsdM Y Rae, MD 
Yaxcouyer, B C 

r-plIE term caiciuosarcoum denotes a mixed tumor containing the elements of 
1 carcinoma and sarcoma Whether such an entitv actually exists is a matter 

of controversy ^ , , .. , 

When faced with such cutical leviews as those ot Saphir and \ ass and 

Willis,' one hesitates to use this term in classifying a neoplasm Howeiet, we 
wish to report two identical and unusual endobronchial tumors which show a 
similar histologic appearance, being composed predominantly of spindle cells 
simulating a fibrosarcoma intermixed with which aie seatteied islands of ob¬ 
vious squamous cell carcinoma These tumors appear to be quite distinctly e, 
and m our opinion should be separated from the usual bronchiogemc carcinomas 


CASE REPORTS 


Case 1 —A white man, aged 69 years, complained of a persistent drv cough, general 
malaise, and fever of two months’ duration He claimed to have aspirated a cough drop 
during sleep, following which he had tightness in the chest and dvspnea There was no 
hoarseness chest pain, or hemoptvsis, hut his cough and dvspnea increased He had always 
lived a healthv outdoor life and had no medical consultations except for a gunshot wound 
of the arm ia World War X and a prostatectomy' ele\en vears previoualv Ho was a hem \ 
cigarette smoker and used alcohol infrequently Physical examination showed restricted 
movement of the right side of the chest with dullness to percussion and diminished breath 
sounds which were almost absent over the base The trachea was shifted slightly to the 
right 


Soentgenogram —There nos atelectasis of the right lower and middle lobes 
Laboratory Examinations —Vital capacitv was 1,500 cc, white blood count 10,700 
per cu mm , sedimentation rate varied from 71 mm to 109 mm per hour (Westergren), 
sputum was negative for acid fast bacilli and for tumor cells, cultures gave a growth of 
Streptococcus hemolyticus 

A bronchoscopy was performed and revealed the right mam bronchus to be plugged 
with brownish necrotic tissue considered to be a bronchogenic carcinoma. A biopsy from 
this showed only chronic inflammatory and necrotic tissue interpreted as being related to 
the aspirated cough drop Following penicillin, a further bronchoscopy was performed 
se\en davs later and showed a red fungating tissue filling the right main bronchus 
Several portions were removed, weighing in all 4.5 grams Sections of this tissue showed 
a tumor of-sarcomatous appearance consisting of interlacing fasciculi of coarse spindle 
cells with large nuclei, prominent nucleoli, many mitoses, and some tumor giant cells 
This was interpreted as a sarcoma, possibly of neurogenic ongin Pneumonectomy was 
pertormed three months after the onset of his symptoms Ho pleural adhesions were found 
and the middle lobe was atelectatic 


5 urt7.aH Specimen—This, consisted of the entire right lung, the pleural surfaces were 
smooth The upper lobe was aerated, the middle and lower lobes were atelectatic In the 

! e DePartmenW ° f Path0l0S> G “ ***- Shaughnessy Hos- 
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a small short pedicle from its midportion to the lower lobe bronchus, the tumor extemhn„ 
both up und down from the pedicle, its upper limit covering the bronchial aperture to the 
middle lobe but did not enter it The loner extremity formed a firm plug in tho loner lobe If 

bronchus bejond which pus filled the lumen 

Microscopic Examination —The main part of the tumor lay within the bronchiil Iuimn, it 

but the tumor pedicle protruded through an mtercartilaginous space forming n small 1 

buttonlihe knob with a discrete condensed cnpsulekke border ljing against normal lung 
ah eoli Jluch of the surface was necrotic and ulcerated (Fig 1) Tho tumor was vcn 
cellular and consisted of two distinct elements, fibrous stroma and squamous epithelial 
islands, both of which showed active growth and were intermixed The main hulk of the 
tumor consisted of broad sheets of spindle cells with fasciculation (Fig 2) Thore was 
much variation in size and shape with fusiform spindle cells, short oval cells, and stellate 
colls with long processes (Fig 3) The nuclei were large, oval, pule, and vesicular, with 
prominent single and multiplo nucleoli Numorous pyknotic nuclei and bizarre nnto J c 



Pig i—(Case 1) Low power view to stiow entire tumor Tiie elonputc.I upper iHirtion 
was lnrgcl> rtbrosarcemintoua (tins t to il witli occasional areas of carcinoma tile la t< r 
belm, preiiomln int In the base ( Hgs j nn<l S> (ilemato\> lln and eosln XI ) 

were evident, with multilolied nuclei and occasional tumor giant cells Set turns linprcg 
anted with silver showed (listlint retieulin fibrils intimatclv associated with these cells 
|) l he blood channel' were line slits King adjacent to the tumor cells In the 
base ot the tumor were areas ol obvious '<|immous lareinoiua embedded in the inesobhi'tn 
tissue (tig D 1 he sc areas were small circumscribed, well demarcated, and often sep 1 
rated bv a slitlike spnec from the stroma stratification of cells was well marked, with 
some eoriulieatioa and pe irl tormntion \ few ureas were less ditTerentiated and here 
the cells weri larger, darker, more pleomorphic, and immature, with atvpieal mitoses 
These litter are is were h s di-iretelv iparatid from tin stroma and in a Aw anas tendisl 
to blend verv uitimatelv with the strum >1 cells (tig b) 1 he bronchial Ivmph nodes were 
enlarged and hvperpl I'tu but there was no invasion bv tumor 

tol/oir up—The pitnnt was di-s h ir„cd si\ wnU aft. r ope ration, an I three veurs liter 
IS still well eompl unin„ onlv ol el v spin a There is no evielenn ot reeiirr.ini or me tus 


tU'es 
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Case 2—A white man, aged 57 -rear*, consulted his doctor because of increasing 
dvspnea, pain in the chest, and occasional hemoptysis or some two months’ duration He 
had lost about 20 pounds in the pre\ious month Examination reicaled diminished ex 
pansion ot the lert chest with dullness to percussion and absent breath sound-* Kadiologic 
examination showed atelectasis ot the left lung, probable due to bronchial obstruction 
Bronchoscopic examination reeealed a mass in the lett major bronchus, and a biopse was 
taken. Microscopically, however this showed onlv mucus with a small piece ot bronchial 
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mucosa, no neoplastic tissue being present Seventy two hours later he suddenly became 
dyspneie and shocked He expectorated large quantities of blood and, in spite of re 
suseitative measures, he failed to rally and expired eight hours later 

Necropsy Findings—Thorax The pleural cavities were dr), and no adhesions were 
present The trachea contained thin frothy blood stained fluid The left major bronchus 
was completely filled with clotted blood, forming a cast When this was returned there 
was found a pedunculated tumor arising from the posterior wall of the left main bronchus 
just proximal to the bifurcation of the upper and loner branches It mensured 2 0 by 
1 0 cm , and was attached to the wall of the bronchus by a wide base On sectioning the 
tumor appeared to be entirely endobronchial, there being no extension into the adjacent 
lung parenchyma Lungs The lungs showed acute edema, and there was an acute suppura 
tive bronchiolitis distal to the tumor The bronchial and mediastinal lymph nodes showed 
no gross tumor infiltration The remainder of the necropsy showed no furthor lesion*. 



I—(Case I) This shows the marked retlculin formation b> the spindle cel18 ,'*' e 
fibrosarcomatous area of the neoplasm (Sll\er Impregnation A\ ildors method Xl uu * 

Microscopic Examination —Bronchial tumor This had a pedunculated appearance 
similar to Fig 1, the main tumor projecting into the lumen of the bronchus Tho last 
majority of the neoplasm was very cellular simulating a sarcoma, bung composed pre¬ 
dominantly of spindle cells, many hating irregular bizarre nuclei (big 7) In many areas 
the cells were arranged in bands nnd interlacing fasciculi In other areas they had a 
baphuzard arrangement with, hero and there, a lurgor tumor giant cell H isson stains 
showed delicnto collagen fibrils intimately associated with the spindle cells (Fig S) At 
tho bnso of tho neoplasm between the cartilaginous plates, the picture was quite different 
Here were nests of tvpicul squamous cell carcinoma (Fig 0), most of which were well 
differentiated, mam of the clusters showing pohgonul keratinized cells with an occasional 
small epithelial pearl Mam of tho nests lav m a space, an occasional one being lined 
with flattened endothelial cells suggesting lymphatics Separating these neoplastic masses 
was dense, acellular collagen Serial sections failed to show ane transition between the 
obvious eurciaomu and the cellular s ireomatous areas Lymph nodes and all othir lm«i * 
failed to show am evidence of metastatic tumor 

DlsCL&SION 

These two tumors are eh iracterized by an admmuic ot ipparcnt /lino 
sarcoma and squamous cell carcinoma In ( osc 1 a leu areas ueie found ni 
wfiu.Ii the carcinomatous tissue laded into the sarcumi, suggesting that the 
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latter might be a bizane spindle cell valiant of squamous carcuioma It is well 
known that such a tiansition mai be seen, but m most mstances this type of 
tumor is quite obvious Such is not the case heie, tor if one views the spindle 
cell aieas of these tumors alone, one is forced to inteipiet these legions as fibio- 
sarcoma, the neoplastic cells showing a distinct reticulin and collagen fibnl 
foimation Furthei, m Case 2 i\e v, ere unable to show m serial sections any 
transition between the carcinoma and the spmdle-eell aieas Some of the bi- 
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zane tumoi giant cells inteispeised in the saicomatous areas do, however, hare 
an epithelial appeaiance and probably represent an admixture ot eaHiitoniatu 
cells in the predominantly sarcomatous legions 

Saphit and Vass, 8 in then classical leview of 153 cases designated as ur 
cinosaiconra,” accept only tlnee 01 lorn examples as true instances The an 
jonty they mteipiet as examples ol pnmaiy caicinoma showing areas in which 
the caicinomatous cells have assumed a spindle chaiactei simulating sarwM 
Seven ot the cases leviewed by them involved the lung, but tlier accepted onh 
one instance ol a mucinous adenocarcinoma with associated spindle and ph-> 
moiplnc cells as a possible example ol caicinosaieoma Willis, xxlnle acceptm 
examples of caicinosaieoma in animals, knows of no indubitable example ot 1 b 
neoplasm in human niatenal Foulds, 2 in his leview, offers sereial explanation’ 
to explain complex tumors with multiple neoplastic components including an 
inteimingling of independent pnmaiy tumors, the possibility of siinulum-oui 



Hi. IUiih .1 Ubro-arcomutou* ar. u of tumor wlioulne blzarri MpIn.lK 

li> (m rchrom ttli Irr Milar uu.l I Tbe man mans <it tin. tumor li ol Oil* auut uranc < 
tux} llu an I , u-Uti s UD ) 


oil* » lll ‘ 
tin 


ntopl isia in two tlosch associated liv>uts, eg, pmiichrmt and stioma, or neo* 
plrnsi t oi *1 limit ot im uliil tissues in t pimiuih sintpli tumoi l'oulds im 
lortun itch dms not giw mi < li u mt opinion oi in', own on this subject, 1 >L ' 
[i ipi r bung prim irih imvhw in winch lit lugch ultsolliu authors’ opinion- 
Oil the olliu hind limn tnd llnnilton 1 line suggested that t iiOii 11 
summits might tesiilt inmi ■> imnn.ituiis i li tnge in the stioma ot a tanmom 1 
Mon minth lki„intnn \ikiiiniii m<! Ixtmlcl 1 line Hpoited two tumor* 
t!i it ippt ir tt» Ik identn tl to tliost tlisirilutl In rt , mil tine ii n ( intciplctid 

duiii es irut exiiuphs <>t i inn. . In t mnw ot the Jiteiuttiri tin' 

ituisitle r t uht otln r r« i-ortt-1 tiiiimrs imm tin luiu to In long in tins 
i itirtlur itiiir to r«|>resint i olli-mm tumors llm *!*<»< >st *oin< ihnilti upon 
tin huh ii j. 1 1mu r ttt <u i tr. in. * ir.oin is In n tphtr uni \ n. 
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We have been unable to nml examples ot similar tumors other than those 
included in the review b\ Bergmann and his associates Rock and Hill- have 
reported a case oi squamous-cell carcinoma oi a bronchus ind spnnlle cell sar¬ 
coma ot the lung, but this the\ interpreted as multiple primarv tumors rather 
than a true earemosarcoma 
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tins sepaiation One ot oui cases is living and well tlnee jears aftei pneumo¬ 
nectomy, iihile one of Beigmann’s cases has suivived si\ jears and the other 
one yeai and seven months at the time of the lepoit In this lespect the\ re¬ 
semble saicoma of the lung As Iverson 1 has stated, “The patient is equall' 
foitunate in having a saicoma of the bionehus or its lmitatoi taiunosareoma in 
lieu of a classical bionchogenic eaicinoma ” 


SUMMARY 

1 Two distinctive endobionchial tumors have been lepoitcd, composed ot 
spindle cell fibrosaicomatous aieas with mteimLxed squamous cell carcinoma 

2 These are inteipieted as tiue caicmosaicomas latliei than squamous cell 
caicinomas showing transition to a spindle-cell valiant 

3 These tumors appeal to haie a bettei piognosis than bionclnogenic car 
tinoma One patient is living and well tlnee jeais attei pneumonectomj The 
otliei, who died ot massne hemoirhage follownng bionchoscopic biopsv, showed 
no evidence of metastascs or extension to the lung at neciopsy 


REFERENCES 

1 Bergnmnn, AL, Aekermnn, L A , and Kemler, R L Carcinosarcoma of tho Lung He 

view of Literature and Koport of Two Cases Treated b} Pnounionectonij, Cancer 
4 919 929, 1951 

2 Foulda, L Tho Histologicul Analvsis of Tumours—A Critical Review, Am J C incer 

39 1 ’2 1940 

3 Hnr\e\, AV F, and Hamilton, T U Carcinosarcoma, Stud} of Microscopic Anatom* 

and Meaning of Peculiar Canter Fdinburgh M 1 42 337 178 , 1935 

4 Iverson, L Sareomu of tho Lung und lls Imitators, To bo published Personul com 

mumeution trom Armed lorees Instituto of Pathology . 

5 Rock, D A , and Hall, J AY Squamous Cell Careinomu of tho Bronchus and Spindle 

Cell Sureomu ot tho Lung, Xbstrnets Proceedings of tho Now Aork Pathological 
Soeietv 1012 1915, PP 10 17 

o Suphir, Otto, and A iss, A Carcino-mrionm Vm T Cancer 33 3 11 301, 193S 
7 A\ lllis, It \ I’uthologv of Tumours, London, J91S, Butterworth nnd Companv, pT 
140 111 



WOUND OF THE SUPERIOR VENA CAVA WITH SURVIVAL 

Theodore R Hudson, M D 
Chicvgo, Iee 

W OUNDS ot the great vessels m the mediastinum arc so dcadh that there 
are almost no recorded eases of such Mounds with survival Pnoi to the 
present time theie has been but one lecoul ot a patient who survived a wound 
of the superior vena eava In 1033 Biggers 1 repoited the case of a patient who 
had been stabbed in the light chest, the blade eiiteimg near the sternum at the 
level ot the third inteicostal space, with lapul development ot svmptoius ot 
cardiac tamponade A diagnosis ot probable wound ot the right auuele was 
entertained, and the patient was explored through an antenor incision The 
pericardial sac was tense with blood and boic a small lent over the region ot 
the right auricle This rent was enlarged, and a large gush ot blood occurred 
Digital pressure withm the pericaidmm controlled the active bleeding, and a 
wound of the intiapencardial portion ot the supenoi vena cava was eventuallv 
located It was successfully closed with mtenupted sutures, and the patient 
survived 

The case reported heie is different in that the teai m the vena cava oc¬ 
curred above the pencaidial reflection, and was located in such a position as to 
section the phrenic neive The effect of this difference was that it pci nutted 
a much greater immediate loss ot blood with the dangers inheient to cvsangunu 
tion and excessive mediastinal shift 


cvse REPORT 

A 43 year-old woman was hit at virtuallv point blank range b\ a bullet from a 
3S caliber pistoL The slug entered the right chest just below the first rib cartilage, nn 
mediately to the right of the sternum It emerged posteriorly just to the Tight of the 
spine at the level of the sixth posterior rib When brought to the hospital* at 2 am she 
wa3 desperately short of breath and m a state of shock. Phisical examination revealed 
two cleanlv drilled bullet holes in the location described above Thera were dullness and 
absent breath sounds over the entire right heouthorax, and the apex beat of the heart 
was shifted far to the left Portable roentgenogram of the chest showed a complete 
blank out of the right lung and a great shift of the mediastinum to the left Also shown 
was complete section of the sixth nb near the spine with tiny fragments of lead left 
clinging to the ends of the broken bone (Fig 1) 

Whole blood, plasma, and vasopressor drugs were quickly given to combat the threat 
emng state of shock and gradually over the course of a few hours, the condition of the 
patient became relatively stable so that she was reasonably comtortable with oxygen ad 
ministration. Some eighteen hours after the injury she was seen in consultation She 
was very dvspneic and apprehensive There was a large quantity of blood in the bed 
the result of leakage from the posterior wound of exit An attempt was made to aspirate’ 
the pleural space with a large needle, but this was impossible due to elot formation When 

« SLzrsra?^ -» - ~ * r 

thoracotomy was indicated ® an< ^ wa3 obvious that 

Receded r 0 r publication March 7 mo-" 

'Delnor Hosplta, St. Charles, m. SeAlce of Dr .Norman J Schre.ber 

101 \ 



I ‘I 'I. I, 

1' u j ii , 


(' i I 
i l l 


,i p 
u 1 


‘ I 
I 


i ( 
i tt | 


; 


inn i 


i i) 
nu jmj 
'|1 I U m\ ml Ii t. 

Hi—- “i j 


11 


' I 'II 

"|I'“ <> i i hi y .injti 

“I • in 

► IlMH| • Mj | 

'|l 1° 'in >j<I m| | ||, ,,,, 

"|l in ji i j,,, , , , , 

I'HJ "i uniiiv ii |n , , 
w .tt -tin, .i,j n, 
u ut . n,, 


in 1 
i ’ I ' ' I 
mi “in III >,3H 1 
i~ i I inn ,1 \ 

i i .,iii | mu 'n'l! « 1 i ' ' 

ii in | | ' I' >' " ,,m l 1 ! ‘I"* 

I hi . i||\ "i |l I ""'I' '! 1 ! * 'I 


it 


I 


\ 

\ 


> \l '•uun{ 
^ i ' i •> n 
» m r r ■> • ( ' 5 

i j tjT' inriji u 1 

• ,, I tin 1 ,1 ; 

-jn ii> 1 t ’I 
“nun,. J .“nu 1 •, tit 

i,i, , 1 it t If * M M" ~'"i ‘’ll v ,J1 ' ,|J ’ r ' r ' ’ " ' 

, qu 1 tt . "I, -.UIU tpi >1 >1 1 "I “in • I " 

nu |.I , 'VI- ,Jn,n I •”!' M'l * 1 * MU" . ’ 'P 
|. 11 ut t ,, , 1 in. - « *n .1 tu until,n*I .. t l '"P * M‘l >'•" 

“'in, . 1,1 in s jin, |,t in in ) >i tt >i.,l U'il “ mnnil-' 'I ’- ,l "II 1 1 'I II 

. 1,1 in ill „||“ is ji.ij 1 In . 1,1 ,.111 .,,..1 J.l.ln 1,1 i,“n. ji,i 1 ’ ’ 1 I"-I 1 'If'l "II 



(- ?p) imp! Suiqn, -1 " ninpaap, 
,i linntm \|iio 11014 iuImii jo 41111110111 31,4 ,u ,ni[) on 40,1 i|qnuj 4JO- 11 fq pi-op t,snounnjd 
i-rtt ntin ,11111 n,j 111 jmj up 411 toil mi, 4 411 piuoipi- tpu ip Mitt i\jiii utnjqd up 
p it Http in mi- Mitt 1111 1 , inoiji! "uun-nmi 41133 u iitin unit jouulnt. 31,4 pojiun 
tint t.o 1 t 7 ii up ojoqtt jiiiod up otoiju pn, pajnd-ni Mitt iiiniiijinipuii Jouuuit up pun 
‘t|joui]Bod pijiiuiu mitt iiun[ up Iimii-Jid-U ijlitt itoin 3011 pip mfi Jiplmp 4 i|Su u,i 
jrqj pi}Oii iioijj untt 41 pnn md- [umpl 11,4 uiojj pi4nniuti situ poop, pijjop pun pinln, 
jn tiuinnl) i 3 jn, \ qu i,4\ts punjiiuj tpmjju 11,4 fiiuaisu uoi-iom jnjiinpjaisod 
r qlnoup piuido Mitt 4>.up jq'lu 11,4 ‘liunipsuin in 3 txo .111,41 ,mipnJ 4 opti 3 japu q 


\h d , )}iii'-- inxaonx jo a\ \rnoi anx 


roi 


103 


HUDSON WOUND Oh NUl'UUOK UM UU 

, w vs returned to her 

the lung and trapped the air out of At■ P l J™ Her , OIU nleseuwe was urnnentfu) 

room in much better condition -thin'*- d postopenime das TUm not vx 

^::r=r z slu ~ ™ — ° f — rt!unon ’ 



, Fig 
of repair 
suture. 


-—Wound in the superior \ena ca\a with section of phrenic ner\e insert Method 
Artist has shown interrupted suture whereas actual closure was done with running 


Mnte she alwa\s raised her pulmonary secretions quite well She was discharged on the 
teutti 'leu after operation Fluoroscopy on the day of discharge from the hospital showed 
total parahsia of the right leaf of the diaphragm A roentgenogram taken two weeks 
later (Fig 3) showed the right lung well aerated, and a marked rise of the right diaphragm 

COMMENT 

Certamh wounds, ot the supenoi \ena tava will piactically always l>e 
fatal It seems likely that the fortuitous clot formation on the wound in the 
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vessel saved this patient’s life The lapid tilling of the light pleural spate no 
doubt biought about a state ot equilibrium between the liicieased intrapleural 
piessure and the loiveied piessme in the vena eava so that the clot could lorm 
presenting a bamei to fuithei bleeding It is interesting to speculate, m retro¬ 
spect, what would have happened had the pleural blood not been clotted so that 
aspiration could hare been done It seems very likely that, until 1 eduction of 
piessme in the pleuial space by the withdrawal of fluid blood, the clot would 
have blown off allowing tuithei, and doubtless fatal, hemoirhage 



... 1_I Mm l\\o aftir Injun, showing mnrknl rise of rlcht diaphragm folliA'lnk 

N n-cllun of phrenic mrv, b> buIUe 


it MM Ut\ 

A ui>e ot gunshot wound ot the Miptriur \tiia i t\ i and <,««tion oi the 
phrt.HK mru. withbur\i% il i-> up«>rtcd 

i mi 1 Ml 

1 Hi - ur- f \ w.>1111.1 of th« 'U|. rii.r \ un< mlruUOU ""ulur. Vr< Il s urk 

'""''j >_ > 1 , 1UJJ 
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EXPERIMENTAL METHODS FOR DETECTION OF CHANGES 
OF BLOOD SUPPLY TO THE HEART 

Alfred Goldylax, MD, Clinton Shaw, 1ID (by lnutwion), Eliot Cord ay, 
31D (by invitation), Joshoa Fields, 31D (by imitation), S Rfmord 
Kenxayieb, 31D (by invitation), Allen Smith, 31 D (by imita¬ 
tion), Inga Lixdcren, 31D (by invitation), and 3Iyron 
Prinzmetal, 31D (by imitation) 

Los Angeles, Calif 

r T*HE introduction oi surgical procedures to pioduce au auxtlmiy blood flow 
1 to the myocardium toi coronarv aiter> disease has posed new pioblcms 
O’Shaughnessy’s 1 omentopeM was designed to bring blood to the ischemic imo- 
cardmm from the mesenteric circulation bi transplanting the omentum to the 
surface of the mjoeardmm Beck’s'• pectoral tiansplant and mtrapencardial 
scarification combined with instillation of talc or asbestos as as calculated not only 
to bring auxiliary blood supply via the peetorahs muscle but also to pioduce 
vasodilatation of the coronary circulation and thus to increase its natural 
collateral circulation' • Thompson’s* « cardiopencardiopexy utilized 

, mt ° ;.^ erJ r rdmm t0 maease natural collat «al. euculatlou 
w , Iteration of transplanting a sjstenuc arten into the eoionan sinus 

*. s: b r,:c“ - 1 tUi *° 

v "f^‘ mptotsd the internal memmar, attm JI"""? A:'" 

producing auxiliarj blood flow directlr tn , ? myocardium thus 

eardrum, Libation of the onv > J mu ' seulal channels of the nn o- 

' — eetae^" "? Hr** to «— *» »ne„o. 

appears to be most promising In the first ^ 51386 0peratl0n 

between the ascending aorta and the corn ^ a 3 to 4 mra sized connection 
Ajew weeks later at the toad ZZTZ ™ a B»ft 
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X\lon hgatuie This opeiation bungs aitenal systemic blood with a high 
piessuic giadient into the renous system of the mvocaidium 13 It would appcir 
that aiteiiorenous anastomoses would be a necessaiy pathway toi such retro 
grade How to efteetnely reach the myocardial capillaij S3'stem 

Thus the suigical piocedmes so far hare been concerned with 

1 Ii mating the 1113 ocai claim so as to pioduce r asodilatation and 
raseulai lntiapeneaidial adhesions 

2 Bunging new S3steimc aitenal blood suppl3 to the suiiace ot the 
imocaidium rntli pedicled omentum, peetoialis muscle 01 lung 

3 Bunging aitenal blood snppty dneetty to the imocaidium 01 
coionan sinus 

The duel pioblem conceuung these suigical pioceduies is how to eradiate 
then effectir euess as auxiliary collateral eoionai3 r cnculations To do this, 
methods lor detection ot changes 111 the n^oeaidial blood suppl3 aie neccsxarr 
since ischemia is the duel piocess being collected 63 the suigicall3 induced col 
late 1 al emulation 

All these suigical pioceduies hare been designed to niciease the Round 
phrsiologic collateial cudilation ot the myocaidiuni The tests ot benefit 
tiom the newh acquitcd cuculation hare almost e\clusi\el3 been woiked out on 
dogs 1 2 - In dogs, suigicall3 induced auxillair \asculai supplies to the nno- 
cardium hare been shown to exist by anatomic studies llJ 1 Phrsiologuall', 
bleeding cxpennients tiom the distal cut end ot the C01011U13 aitciics alter 
ligition ot the pioximal end, and suiural expenments iollorving coionair hga 
tion, hare indicated the iunctional state and eftcctircness ot the suigicallr in 
ducid collatci il coionair ciicul ition lj It is hoped that such stiigicill' 
induced additions to the nonnal 1113ocaidial collateial cndilation mar piotcct 
ig.unst coion nr liisufliciuiir and turthu ischemia .issocl.itcd with cfioit, blood 
piessuie changes, and additional uitaicts 

To better understand the pioblun ot eraluatmg the eflectir encss ot 
surgu 1II3 induced, mxiliarr collator tl blood suppB to the coionaiv eiieuli 
turn rvt shill now lenew m brict some ot the expenment il obseir ltions made 
111 this liboritoir which show the liituie ot the coll iter il eoi 011013 ell dilation 
1111101111.il nid ischemic hcai ts ot both dog mil man 

1 Br the iLse 01 saline suspension or 1 rr tlnocr tes labeled with 1 11I10 
actirc phosjihoius, the existence ot numcioux uiastomoses in the 
lilt rnitricle mil 01 1 udlatii il cireiilation between the right mil 
k it m utricles w is di monstr Hi d 111 tile norm il post 11101 tern hum m 
he trt 

2 1>\ tin use ot mi isur iblc gl is.s sjiheris ranging 111 thunder trout 
U) to 400 mnr 1 tin 1 tr 0 ist uitereoron 113 irteiiil in istomosis in 
tin norm il hum m hi irt w is Ioiind to illow tin p is.s igt ot splierts 
mmiL trom TO to lsii mu r 1 Tin si findings indie He that such 
intiriorun irr irti ri 1! 111 istonmsis in 01 irtcnolir dimensions in 
tlu norm d hi irt 
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GOLDMAN ET AL. 

3 Arteno\enous coronary anastomoses weie demonstiatcd by re¬ 
covery ot glass spheres TO to 170 mica m diametei trom the 
coiouary smus after then injection into the light oi lett coionary 
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artenes 

4 The diameters of the anastomotic channels between the coronaly 
arteries and eithei ot the ventnculai cavities range iiom TO to 220 
nncra These channels lepiesent one oi all of the following \ essels 
artenolununal, aitenosmusoidal, and Thebesian veins 

5 Be intrai enous injection ot labeled eiy throcy tes into moribund 
patients with noimal and ischemic mjocaidiums, the piesence ot a 
functioning collateral cironlation to all parts ot the mvotaidium 
was demonstiatedincluding the infarcted areas 

6 Fiom the observations with mtiavasculaily injected erytln oci tes 
it was concluded that the collateial circulation to the myocardium 
of the dog, which had been rendered ischemic by ligation of the 
anterior descending coionary artel v, supplies all parts of the ischemic 
region, furthermore this collateral supply of blood circulates actively 
throughout the ischemic aiea, but the pericardial side of ischemic 
myocardium of the left 1 entriele is better nourished by the collateral 
cu culation than the endoeaiclial side 

7 In shock not only is the general systemic blood piessuie lowered 
hut also the coronary blood piessure TJndei conditions of shock 
the collateral circulation to an area of the mvocardium, made 
ischemic by ligation of the anterior descending coionarv artery, 
has little or no function since the blood piessure is too low for 
pumping blood efficiently through the collateial cnculation 
8 The reverse was also shown to be true If the blood piessure was 
raised by transfusion of hepaumzed blood, the collateral cn dila¬ 
tion to an ischenuc ai ea w as restored 


The pieeedmg discussion has described changes m the collateral coronary 
circulation that can be found in all normal dogs’ beating heaits Just as 
ingestion of caibohydrate ebcits an increased output of insulin, the pioduetion 
of myocardial ischemia calls forth an increase of collateial coronary circula¬ 
tion The problem is how best to detect and evaluate that additional collateral 
Wood supply induced by eNperunental surgical pioeedures For obvious 
reasons, it would appear desirable to have usual tests which may be per- 
t r he l d ° g ’ S beatlng heart ra «»er than to depend upon findings in 

fluorescein, ( 2 ) contracUlity, and ( 3 ) electrical activity * (1) 

•A colored motion picture .hot™ to Illustrate the three tests 
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tLUOREbCEIX 

Piin 7 metal and associates'* - 1 ha\e shown piectoush that the coronun 
circulation can be cisualh demonstiated in the dog’s beating lieart. In slow 
motion pictuies (50 to 100 traines pei second), photogiaphed undei near ultra 
\iolet light to allow the mtia\enouslj injected fluoiescein to become \isible with 
in the coionan cudilation The iollowing obseivations aic peitinent to the 
use ot fluoiescein us a test ot benefit tiom the additional collateial ciiculation 
which might be supplied to the mvoeaidium be the paiticulai smgical proie 
dine 

1 In animals with noimal blood piessme, fluoiescein appealed in the 
coionaic aitenes rapidh, 4 to 7 seconds, and in the next tew seconds 
the entile lieait became intenselj fiuoiescent 

2 It the d\e weie injected dnceth into onh one aiten, the anterioi 
descending aiten ot a dog’s beating lieait, the dje could he usual 
ued in the coionan circulation ot an aica mam times gieatu thin 
that normnlh supplied bv the antenoi descending coionan aiten 

3 It was usualh demonstiated that the coionanes weie not end aitciics 
and that theie was plnsiologie coionan collateial ciiculation m the 
noimill clog’s mjocaidium detectable In the fluoiescein method 

4 In shock, induced lie hcmoiihage, diminution ot the coronal\ blood 
llow could be demonstiated since the appetuance time and mtciisitc 
weie deduced but all the coionan ciiculation ecentuallc usuali/ed 

5 AN lien fluoiescein w is injected into the lemoinl eem attei the mid 
antenoi descending aiten was ligated in clogs with noimal blood 
piessme the fluoiescein lapidh filled the ischemic legion liom con 
tiguous aieas 

t> The ischemic legions gcneialh became intenselj fiuoiescent 1 to 2 
seconds alter the contiol regions 

7 It tlu blood piessme weie loweied to shock lcccls (20 to 50 mm ot 
Hg me in piessure) the appeal nice tunc m the mtaictcd ischemic 
ire cs was mirkcdh prolonged or ecen absent The blood pitxsiirc 
w is too low to pump the lluoic-scein through the coll itcials and so the 
in) irets did not \ isii ib/c w ith lluorcsc c m 

s Tlu nurse w is ilso shown to he tun it a dog (m shock with 
coronin iitcn ligitcd) hid his blood prcssiiie restoted with 11.ins 
tiision oi lupirini/ul hlood, the fluorescein test showed tin ischemic 
in i to till from contiguous mas tluoiigh the noimal collalci il *ir 
c ill it mu 

IU tlu iliiciriste.il! test tin ischemia oi slunk md ot experimental coroiur' 
ml in turn w is re idih deteeted I min tlu ohserc itions abint listcil it i in he 
iiiiuludid tli it there is in 11 w i \ s read\ norm d uituril eolliteril eomnirc 
tin ill itioii which hoWe\er his limited tlliet upon m\ot tribal isilumii 
l’roh this sin ell irteriillv oee billed iiitisele masses are rendered rilitiub 
norm d uni eomphnle proteete d But lar_e r ise he mu muscle misses mac re 
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suit m central necrosis ot the myocardium is hen the collateral t-iicul.it o 
not adequate Furthermore persistence ot nonfUlmg, central csanosis i 
iniareted area during fluorescein test indicates that no collateral cnculation 
is effective tor this aiea The normal predicted iespouse tor the phssrologic 
collateral circulation aftei ligation ot the antenoi descending arteis ot a dogs 
heating heart svould be onls a second 01 too delas ot the t uorescem into the 
lsehetmc aiea It is suggested that additional collateral blood supphed b\ 
experimental surgical procedures ought to he detected In this method It the 
new blood supply were efficient it should allow fluorescein to till ureas made 
ischemic be coronan ligation with but slight deiai m appcaiance time since 
the new blood flow would not be interrupted In the coronali ligation It the 
additional blood flow from the operatic e piocedure neie 100 per cent efficient, 
the predicted visualization with fluoieseein would approach that ot the normal 
contiguous areas and the muscle mass supplied In the ligated coionan arten 
should not appear ischenuc For these leasons we teel that the fluorescein can 
be offeied as a test ot the benefit which might be denied iiom expelimental 
surgically induced aiuxiliarv collateral coionan cnculation * 


COXTRICTIUTV 


Ischenuc nnocardium ceases to eontiact within 3 to I seconds attcr the 
anterior descending coronary arterv is ligated - 2 i3 In a dog’s beating heart 
this cinematographic phenomenon ot noncontiactiliti ot the muscle mass sup¬ 
plied bv the ligated anterior descending artei i is called “ballooning ” Some¬ 
times this phenomenon occurs onl\ in late si stole, but in other instances the 
ischenuc region balloons during the entue sistolic phase Ballooning attei 
ligation of small arteries may come and go, or e\en not occm at all, but laigei 
ischenuc areas balloon more consistentli Aitei inducing hemorihagic shock 
m dogs with coronary infarcts, the tollowing significant changes occui red as 
a result oi the low blood pressure m the slow motion coloiecl movies 


1 The ballooning became much more extensive in area and degree 

2 Cc anosis of the ischemic area became marked 

3 If ballooning had disappeared spontaneous!!, it reappeared and be¬ 
came more marked. 

4 . If there was onli late svstobc “ballooning” and not tull sistolic 
“ballooning,” it now occupied the lull phase ot systole 

The reversibility of “ballooning" could he induced bv transfnsnm with 
hepanmzed blood and restoring the blood piessure from shock lei els To nor¬ 
mal ^ueh transfusions resulted m restoring the uoucontiactile ‘ ballooning” 

didTi K°n eo ^ ractlons m the cinematographic obsercations Not onli 
did the ballooning” cease or become less intense but the cyanosis also 
imunshed or disappeared as the blood pressure w as restored to normal The 

I^«?S to xri 9 P “ Wfahed ‘he 
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These cxpeiiments show that “ballooning” is associated with mjocarchil 
ischemia since it occuis attei expenmental pioduction oi ischemic inducts 
ruitheimoie the “ballooning” appeals to vaiy with the efteetneness oi the 
collateral coionan blood flow Theieioie “ballooning” should be suitable ns i 
test ot benefit toi detecting the effectn eness ot additional aitihcialh supplied 
blood liom suigical pioceduies Efficient suigicall} pioduced collateral blood 
supplies should piotect against the phenomenon ot “ballooning” wdien nnotnrdul 
ischemia is expenmcntally pioduced bj ligation ot the anterioi descemhng 
coionaij aiteij in the dog’s beating heait Less suitable and less efficient 
suigical pioceduies would piobably not pievent the occiuience ot “ballooning 
aftei e\peiimental coionai^ ligation Poi these leasons we teel that “balloon 
ing” can be offeied as a test ot benefit 



He 1—D1 isrim t ikin from Rata showing cl< ctrlcal uctlxltj In n ilofra bestln;: la 
ultli i through nml through Infnrct of two months ilurutlon Tlo Is on tin. anterior ilesccn 
Ins coron ir> irterj Mi uletl urn Is the prossl> Ischemic r. Mon Within the slunk 1 n>e 
the explore 1 spots recor I a Q xx iu \t the edp* where there Is less Ischemia Qlt waxes m 
rc-eora a In the left xentrlele ami oxer the norm il P ft xentrlclc It ami Its xxaxes nro re-eoriieo- 


HICTRICU \CT1\IT\ 

suiet the cliitrnil u ti\ it \ ot tin mcocudiul couti iction is iclitcd to 
tin e flic it lit \ ot the coron tr\ iirmlition an clcctrocai diograplnc tot "I 
In in lit linltuid b\ sur_'ic ills mult nixibaiv collateral coronarv cii ciil ition 
should lk ii j-siblc To studs this probltm ixpinmciit ilh, the Ulterior descend 
in, coron ir\ irterc in sixtc do,s u ls ligttul Tin si opcritions wire per 
lorund tliroiiuh m inttreositl ipjuoich with i t inch incision in tin lett filth 
inters].ti, fin .Io_s w» re pn p m d w nil morphine ( 00 f Lin per hilogrun) ‘»d 
itropiin MHiUt Ian perkilo.rimi in suit iblc dosts mil inistliesi i was m un 
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Guedel anesthesia apparatus One bundled. per um « ® rllhb „ r 

sas administered bv intermittent manual compression ot the 3 liter rubber 
was closed air tight with the lungs milt inflated m older to 
aSid leaving anv appreciable pneumothorax. Postopcratn di one «« 
muscular injections ot peinmlhn-streptomiem mixture (400,000 uni s ot the 
termer and 1 Gnu or the latter) were administered dadv lor one or two da s 
Although practicallv aU the bgattons were pertormed at a relam eh high lt\ e , 
the member was approximated 15 per cent trom immediate lenmettlar 
fibrillation. Only one delaved monahtv occurred trom empj ema 



Fig. 2.—Enlarged still photograph from a high-speed colored mode picture frame. In 
this experiment the exploring electrode has a knob and L* to the left and it records the lower 
tracing. Being over a normal area It records an upright positive R nave. The tlnv silver 
electrode In the left ventricular cavity ts Just to the right and It records on the upper trac¬ 
ing a cavitarv Q wave. 


After various intern als, up to six months the surviving animals i\ ere then 
prepared lor electrocardiographic studies The chest nas opened bilaterallv 
and the sternum was partiaUv removed together with suitable portions or the 
nbs Anesthesia was morphine and intravenous urethane, and the lungs were 
ventilated tonunuou-slv with 100 per cent oxygen with a suitable artificial pump 
and an intratracheal catheter Although in some instances the pericardium was 
not opened, most ot the electrocardiographic tracings were made on the exposed 
mvocardiutn alter suturing the opened pericardium to the chest wall. Electrical 
v Z l Z Y WaS n r . ecorded wUh a double channel high-speed pen writing Brush 

, ” °, m per f C0IuL The ^Plonng electrode recorded the electrical 

activm directlj trom the surtaee of the myocardium oi any dtsired spot 

I t- *»- Dr Baud Sobta and the operative blatant « Dr 
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Illcctiocaidiogiaphic lecoiding was peiioimed with the aid ot a unipolar 
s\steni using the Wilson cuitial teinunal Routineh, as main as 40 01 30 cIiomii 
spots lepiesentatne ot both \entiicles and the ischemic intaieted aieas were e\ 
ploicd (Fig 1) A special sih ei-needle, insulated, letei elite elect rode, made 
so as to iccoid onl} tiom its tip, was plunged into the left centuculai ui\it\ in 


»ifr 


Ml, 3—Same experiment ns Up 1 of an electrocardiographic exploration of the Hl jrfici 
of a (Ioks beating lie irt with a two month old through and through infarct The expiorinK 
electrode is now over i fibrous area and It records on the lower tracing a Q wave aimesi. 
the same is the cavitarj Q w ive recorded on the upper tracing 
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COU.Tm.ETU- DETECTING CH TMITTj OF BLOOD olJtT't-V TO 1IEA.TT US 

»‘ te 

aetivitv appealed m the same fiame when the movie was piojcttcd Ahhou 0 h 
pathologic^studies were nude ot all heaits, and special studies were also eamul 
out tor puiposes of determining the exact ougin ot the electroiaidiogiaphm 
tiacums obtained, on\v the Q, R, and QR wave changes mil be repotted here 
In inlarcts of one 01 two months’ duration, the surface was whitish on the 
pericardial side Often imoeardial conti actilitv was usibh diminished over 
these areas Over the noimal areas ot the lett tentacle, not expected to he 
supplied by the anteaoi descending aitei\, nsualh normal ied m coloi, and with 
good contractility, a positive deflection ot an R or RS wa\e was consistentK 
recorded (Pigs 1, 2, and 5) Orel the center ot such mfaicted whitish areas, oi 
where no contiactiht\ m the whitish aieas was prnent, a Q wave was recoukd 
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CAVITY Q 
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FIb 5 —Diagrammatic representation ot the 1>pe of electrocardiographic tracing obtained 
from the surface of the dog's beating heart correlated with the amount of Infarction and its 
location. The complete!! shaded area represents through anil through Infarct and succes¬ 
sive! less involvement proceeding from left to right unUl onlj a subendocardial infarct and 
flnallj normal muscle Is encountered. It can be seen as one proceed* from left to right, there 
Is less Q and more H until the normal area is reached 6 s 

(Fig 3) As the exploring electrode was moved toward the peupheiv ot the in¬ 
farct irom its eentei less ischemic areas were encountered wheie QR wares were 
recorded (Fig -4) Over old infarcts with complete replacement ot nwoeaidium 
b\ fibrous tissue the explouug electrode recorded Q waves with the same 
configuiation as the Q wav cs recorded by the cavitv electrode (Fig 3) The 
histologic examination of the mfaicted areas confirmed the finding that the 
more fibrous tissue replacement m the myocardium, the more Q and less R wave 
was present (Fig 5) In mlaicts where the mvoeaidium had not become 
lsehemm thiough and through,” various quantities of muscle tissue mav still be 

these areas of lesb lschenua> QR ™ es aie 

It would appeal that measurement of electrical actmtv of the do«>’s beatin- 
heart bv the method described is suitable tor detecting ischemic areas°of infirm 
tallowing ligatina ot tta anterior Seseendtno catena, Arterw Th.st so 
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as one went tiom ischemic to normal mvoeaidium tlieie was less Q and moii 1! 
01 QK wines, and because tlieie was a histopathologic conelation in the inlarits 
examined so that the moie hlnous tissue ^placement the moie Q ware, ami the 
more contiactile muscle the moie R or QR ware (Pig 5) It is hoped that when 
applied as a test ot benefit loi suigical piocedmes pioduung uuxilian blood 
supplies to the lieait, this electioeaidiogiaplnc method wall be satistncton 
Tims in a dogs beating lieait, pievioush piepaied with ail efficient auMlian 
collateral blood supph, these Q wares of nnocaidial ischemia should not In 
lecoided ovei the occluded muscle mass aitei ligation ot the antenoi descending 
coionan aiteiv 


SUMM VR\ VND CONCLUSION 

1 It was stated that most suigical piocedmes being used in the m magi 
ment ot coionaiv arteiv disease aie designed to increase the lioimal, natural 
collateial cnculation ot the imocaidiunr Such suigical piocedmes aic m mul 
ot objective methods of e\alu.ition in the dog’s beating lieait 

2 Fluoicscein injected mtiavenoush mar be used to detect changes in 
blood supph to the imocaidnim in the dog’s beating lieait when photogi iphcd in 
(oloi undei near ultiav lolet light at 50 to 100 fiames pel second 

3 In similar slow motion movies ot the dog’s beating lieait, altciations in 
nnocaidial contiactilitv can be visualized alter ligation ot the antenoi di 
scending coionarv arten This loss of contractility is associated with ischemia 
ot the occluded muscle mass and results in the cinematogiaplnc visualization 
termed ‘ ballooning ” 

4 Rlectiocardiogiapluc tiacmgs of expeiimcntal coronaiv intarcts taken 
directh tiom the surtace ot the dogs beating heart showed that the “through 
and tluougli” ischemic anus could be detected bv the Q waves leported our 
them The moie ischemic the mvocardium, the moie Q wave, the less lsclumic 
the mvoctrdium, the more R wave was iccordcd In mteimediate an is Qh 
waves wen iccoidcd 

') These time visual methods utili/ing fluorescein, contiactilitv, and <h< 
tiled utivitv ot the dogs beating heart are offeied as tests ot benefit from 
siirgu illv induced nisiliarv collateial coronarv ciiculatioii 
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DISCUSSION" 

DK OSLER ABBOTT, Atlanta.—I certainly feel that Dr Goldman is to be con 
gratulated m presenting us with another approach in regard to experimentation, which 
certainly has a tremendous potential I would like to mention briefly some work which has 
been, earned out by the Medical School at Emory Universitv and the Georgia Institute of 
Technology They have perfected a camera system which allows an. excellent visualization 
of the human coronanes in action by intravenous diodrast angiocardiography Some of 
)on, I am sure, viewed this film at the meeting of the Southern Medical Association last 
fall This has manv applications in the study of the circulation of the lung before and 
after operative procedures for emphysema. The major benefits aTe three Ono is research 
value, for bv using 16 to 64 film exposures per second and then converting it to slow 
motion, we can study motions too fast for the human eye It also allows study of bronchial 
motflit) and esophageal motilaty too rapid for the human eye, therefore, its research 
■potential is quite obvious Its value as a teaehmg agent, to allow a permanent record of 
any unusual fluoroscopic occurrence in a clinical patient, is possibly its greatest contnbu 

ferentiato WeVSSSL * d ' f 

proved^contewt^vmi^izatioi^whidi^^nov^readv t 

cineangiography can be educational and of resea J ! 8 hUmaB be “° Because 

along with the contribution of Dr QolZL ’ * ^ *«»«<* 

on his exceUent^emho^ 8256 ' il0ntreaL ‘“ I 3hould llke to congratnlate Dr Goldman 
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Ihc site at winch ho has tio«l the unterior descending branch of the hit eoronare 
artere is quite a distance from its origin 4. ligature placed m tins position fails to 
include brandies which arise proximal to the ligature When a ligature is placed at tho 
origin of tho anterior descending brunch of the left eoronare artere, there are eere lew 
bnuulus that escape and, therefore, eer_e few bmnche>s form collateral circulation There 
n great \unution in the published figures for sur\i\al after anterior descending hramh 
ligation 11ns cun bo explained be failure of tho ligature to include nil branches 

In some annuals it is impossible to obt 1111 all the branches la cause oicasionalh branelas 
arisi ihree tie from the trunk ot the lett coronnre artere hr Goldman has demonstrated 
beautitulle lioee such an artere eelneli has escaped occlusion be the ligature can act as a 
collateral and reensiulnriri the area formcrle supplied bj tho anterior deseending hraneli 
lie has further gieen eisual eeidenee that ane sureieal experiments depending on li„utinn 
of the left eoroinr} artere must include a careful inspection of the site ol ligation and of the 
h ft i oronnre arte re for branches not included in the lig iture 

hit GOI DM Vis' (Closing)—I am sorre eec did not linec time to show tile teeliiiii|ia 

of dim I leads to explore the heart’s surface In answer to hr Vniebirgs ejuostmn ils to 

eeliere the collateral loronare eessels are, I do not think it make's a great deal of dllTirime if 
one ligates at tile nudportion or at the origin of the anterior deseiiieling artere, still the 

e oil ite ril eoronare circulation would be present It appears that it is the pressure m the two 

e oron tries evhieli elite minus whether or not the eollnteral circulation will be functional If 
the two toron tries are excluded there eeill not be enough pressure to open collateral emulation. 
This is e linn idle borne out lies nisi so lommonle death results when both eoronare arteries in 
ligate el 111 i dog or if thee ire excluded be arteriosclerotic processes ill hum ill bungs On tin 
other hand, if out artere is excluded, there is good chance that the eollnteral eorouire ciriuU 
tion eoniing from the other irtere will be ifTtetiee Howieer, this collitiral tire illation is not 
without its bunts as we all know from clime til stuele, ind even in the dog it is limited. \ 
small ext luihd me ex ardial mum li miss produe cs often no eesible eetinosis anil no n d'l< 

* haiige with tluoresiein or in eontrie tilite tlthough there nine be t Its trix areliogripha (for 

(fit W 111s 

With the iliret t exploring elestrodi applied to the surf lee ot the heart it appears tint 
ilex trail ehangis which woultl 1 h brought about be surgiealle indueiil eoronare eirtul ition 
eoulel be re iilile elite e tee! These ehingis of Q nud QIl eeaees should result after i xpe ruin nUl 
li„ it tun ot the anterior eh ~e e ailing eorouire irte re Thus the jiri'euee or nbsenii of Q um 
tfb eeaees after e x[x rinie nt d e oruaare libation in a prep tree) dogs In itmg heart shuulel in 
elie it t tin i (Tes tiei ness ot tin prepared ndilitioual surgiealle lnelueed eoronare collitiral 
e ire ul itiou 



ARTIFICIAL OXYGENATION AND CIRCULATION DURING 
COMPLETE BY-PASS OP TllP IIP ART 

JaMES A HELMS'!ORTH, 31 I) i*\ INUTWIOiO, INLAND C CLVRK '« PH 1> * 

(b \ imitation), Samuel Kaplan, UD (ba ixut atiox ), Roc.fk T Smhuivx, 

31D (B\ IMITATION), AND THOM AbL.ARl.FX, AID [U\ IMITATION) 
Cixcixxati, Ohio 

a KEEN interest in tlie problems ot extracorporeal circulation lias been 
aroused and maintained rn mam surgeons b\ tire promising icsults ot t ie 
evperrments of sereral groups of rmestimators 11 Tins inteiest bad, ns its bar c- 
ground, or uas at least nurtrued b\, the signal adranccs made in singers m 
the past fourteen sears In the wntnrgs ot lvolft, longbloed, Gibbon, dhllei, 
and Dennis, phr sicians bare access to excellent sununaues ot methods of aitiheial 
oxAgenatrorr and circulation, and to inter pietations ot eoiiclutire, ph\siologie 
phenomena 

In this publication, the purpose is to report an cxpeneucc with the dis¬ 
persion ox\gerrator and piuup deseiibed b\ Claik, Gollan, and Gupta Their 
heart lung apparatus enrplovs pnnciples difienng from those ot the mechanical 
devices ot othei mi estigators 3 lz This machine depends upon dispersion for 
the introduction of ox\ gen into the blood and tor the elinnuation ot caibon 
dioxide It prondes for the lemoral of these gases, caibon dioxide, and excess 
oxsgen, rn the form ot bubbles, bet ore the blood is returned In pump into the 
animal The pumping effect ot this machine is obtained without the use ot 
loUei, diaphragm, oi piston sj stems 

This leport, based on the initial expenence ot the authors, docs not deal 
with nrauv of the problems emphasized In arrthoiitati\e imestimators It is 
couccnred, ou the other hand, with some ot the iprestrons contronting a group ot 
workeis staiting to expenment in this field 

description; and oper atiox* op the appak ITUS 

Pig 1 is a diagiam of the ox\genation and pumping runt The reiious 
blood flows fionr the cannula, draining the superior and nrfenoi \ ena ear as into 
the oxr gen dispersion unit, at the base of the apparatus (A, entiance foi 
renons blood) The first step in owgenation and m the elimination of carbon 
dionde occurs as the blood flows upwaid in the rnnei, smteied glass channel ot 
a doubl e-walled P\ rext chanrbei (C, double nailed oxr gen dispeisiou chanrbei ) 

of th^ r< Unl\eraltj !P of t ^fn!cinnaU V>, cfnclTirwtl ^Ohm eP and I>I i?nm 0f ih Je, p a i r * C T S? llcf;e of Medicine 
In Human Des elopment, Antioch College^ TeUou Spring^ Ohio 16 FeIS Instltute for Research 

the i:nlte(l P St<na3 U pubhc P Heanh Service b> srants Irom the American Heart Association and 

Surgery Dallas Texas ''stuj Meeting of The American Association for Thoracic 

Pels iMUtme to C Sure h In^Human DmtlonmenC the Department ot Biochemistry ot the 
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The o\jgtn, which is deliveicd at a piessuie ot 5 to 10 pounds pei squuie inch 
into the glass jacket simounding tlie cential poious-w ailed tjluulci, passes 
tlnougli the miaoscopic openings and enteis the blood in the fonn ot tim 
bubbles (B, enhance ±01 o\\gen ) The size ot the bubbles is detcininietl b) 
the diametei ot the poies (4 to 5 nucions) m the evall of the cential cjhndei ami 
possible bj the suitace tension of the blood The suifaee ot the sinteied glass 
must be wettable bj blood A lijdiopiobic, poious smfacc pioduees large 
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bubbles, wlueli see less effect than small ones ... tins p.oeess at os. gen and 
can bon dioxide exchange 

The Mood must be treed ot these tun bubbles (excess oxigcn and caib 
dioxide) beioie it can be pumped back into the animals lasciilai si stem This 
second step m the extiacoipoieal cncmt is completed m the Pmcx coalescence 
chamber, which is sealed to the nppei end ot the oxi ge.i-dispeisu.n unit (D, 
coalescence ehambei ) In tins ehambei the hue mist ot tun bubbles coalesce to 
toim laige bubbles winch aie easih withdrawn fioni the appaiatus Bubble 
coalescence is obtained bj passing tlie blood o\ei a lnoad smtace coated mt 1 
polvmethylsiloxane defoanung compound (DC Antifoam A) ° The eoalescenee 
cliambei is packed until fine poleethclene fibei wlueli is coated bi 2 Gm of 
Antifoam A, evapoiated fioni an ether solution To date, experiments with tins 
oigano silicon oxide ha\ e shown it to be innocuous 11 

The laige bubbles and the blood, the lattei ennehed with oxjgen and iiced 
of some of its caibon dioxide, continue then upuaicl course fioni the coalescence 
ehambei to entei the thud stage of the extiacoipoieal cncmt The glass 
cliambei used foi tins step is the tlnid m the leitieal line, and seises as a 
leservon and avenue foi the ehnunation ot bubbles (E, lesenon ) The laige 
bubbles then leave the siulaee of tlie blood and aie lemoied In the suction to 
which tins cliambei is exposed ( G , attachment foi suction line ) The inter¬ 
mittent suction eftect is contiolled by an elcctiode projecting at an upper level m 
the chamber A minute cm lent flows through tins eleetxode when the blood 
level uses high enough to contact it The cuiient causes a solenoid to interrupt 
the suction for as long as the electneal cncuit is complete 

The fourth step m the extiacoipoieal course of the Mood is the process of 
pumping it back into the vascular system of the animal The specifications of 
the Pyiex pumping ehambei are the same as those foi the lesen on (J/, pump¬ 
ing ehambei ) Pumping is done by the alternation of suction and piessuie oiei 
the surface of the blood in this ehambei (0, attachment foi snetion-piessuie 
line ) No moving parts are in contact with the blood m a pump employing this 
principle This pulsating action is contiolled bv two electiodes supported at 
diffeient lei els in the uppei halt ot the chamber A \ery small cuirent flows 
through each electrode w hen Mood uses high enough to contact it This cunent 
causes the solenoids m the suction and piessme lines to open and close at the 
appropriate moments Wien the blood level rises high enough to touch the end 

W en S iT'“fi T SUCtl ° n B mteilu P^ and the piessme phase begins 
hen the blood level falls awaj from the tip of the lower electrode, the pressure 
is discontinued and suction is once moie applied 

bloo^r^'-T C “’r h an ad ^ a ble clamp, senes to shunt lenous 
hlnnH f °" 10 f f Tgen dispersion nmt into the stream of “arteualized” 

pass ^ ^ (/ ' by ’ 

TMiohimc ot Mood shunted around 

a,le bj Do " Cornln B Companj Midland Mich 
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yaned bv adjusting the seiew damp on the tubing in the by-pass line The 
shunting ot some yenous blood into the aitenalized stieam senes to counter 
balance am exeessne oxygenation which develops in the oxygen-dispersion unit 
The blood tempeiatuie is measuied directly by r a theimometei (//) which 
piojeets into the stieam enteung the system 

The Pyuex “elastic” chambei ( R ) buffers the pulsating stieam tiom the 
pumping chambei The elastic unit maintains some piessnie effect oil the 
aitenal stieam while the pumping chambei is lefilling in the suction phase 
(Q, outlet foi aitenal blood ) The floyv late is meieased by r this effect 

The only ty\o yalves (P and L) in the entne system aie the simplest type 
and aie made ot Silastic in the shape of flat tubing * The electiodes are stain 
less steel lods, yyflneh aie easily adjusted up 01 doy\m in then Lucite holders (F 
and V) Only 5 to 10 micioampeies floyv tlnough these electiodes when the 
cncuit is completed by contact yvith the suiiace ot the blood The ciiiient of 
10 micioampeies docs not cause any damage to the blood in the cncuit Except 
toi the poious unit foi oxy gen-dispeision, all the glass paits and the plastic 
tubing (Smgical Ixoioseal oi Tygon S-22-1) used toi making connections arc 
coated with silicone This is done by yyettmg the paits and tubing yvith a 3 per 
cent benzene solution ot DC-1107,* allowung them to diy, and baking them for 
seyeial liouis at 150° C The coating is icapplied attei 20 expciimcnts, oi whin 
the suitaces no longei appeal lndiophobic 

A satisfacton souice of suction and picssuie may be found in a vaiiefy ot 
standaid pieces oi laboiatoiy eciuipinent (The Whnhvind machine! yvas used 
as the souice ot suction in these expciimcnts ) The piessnie foi pumping " 1S 
obtained tiom a tank ot oxygen 

The assembled appaiatus is put tlnough a test mu attei all the paits hate 
been securely joined togethei, duiing tins penod, the piessnie on the pumping 
lim is incieased giadualh to 14 pounds pci squaie inch, a piessnie which es 
cceds that used in aitenal pei fusions The yucuuni pump is adjusted so that the 
suction is between 6 and 10 inches ot mcicuiy The oxygen piessnie m the 
outci jacket ot the chspeision unit is mcieascd, until a nustlike cuiicnt of 
bubbles is seen cntcung the coalescence chambei and an excess of the gas st irfs 
escaping tiom the siufacc ot the liquid m the lcsenon The pumping late is 
contiollcd by lcgulnting the clump on tiie suction-picssuie fine, oi, it dcsiiul, 
the rate may be controlled by icgulating i clamp on the aitenal line lending 
trom Q ( Fig 1) 

In ch tiling the app u itus saline is hist emulated tlnough it, then until, 
and finally w iter containing household “chlorine watei The paits aie coin 
plctcly disassembled tnd mein lelualh washed and dned The polyethylene 
liber ill the to lie ~>e e in e chambei is eh instil In mixing with watei then with 
Ti pir euit titohol, and fin ills with ethci m orde l to union the antifoim 
toinpotind Tlu eo tie si t m t unit miy then be allowed to di\ oi the polyethylene 
Idler m i' be remited i mine eli it e 1 y with nit llo un compound The porous glass 
u ‘ ll 111 ,llL 11 <ll 'T' «I <fi"i 1 s me tIt ulous (1, losing Foi a thorough 

" ,l *> " e iirnlm. e i mi in> Ml 11 in i till |i 

teiM.ln 1 (, rn M ex W - 1, r ,n I t . e In, ,nn ill Ohio 
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linsrng of the smteied surface, a stream ot strong chlorine water passed 
the oxygen, inlet of the outer jacket The unit then stands overnight m con¬ 
centrated sulfuric acid, to which a ten errstals ot sodium nitrite hare keen 
added This acid is remorcd be drawing a 5 per cent solution ot sodium bi¬ 
carbonate through the porous wall 

The enure apparatus and its supporting t.an.e ot nliimtm.m rods con bo 
placed on «s side m an antedate ot standatd size Tins method ot stenliznhon 
has no ads erse effect upon the plastic tubing, uhtcli is uaed to Join the chamber, 
and tor attaching the machine to the cannulas inserted in the animal The 
Silastic calces and the Lucite electrode holders are not alteied be autoclacmg 
It is necessan, howerer, to sterilize the polcethclene fiber-filled coalescence 
chamber be soaking it m a germicidal solution 


OPERATIVE PROCEDURE 


The anmials used m this senes cvere all mongrel dogs betci ecu 1 and 3 c ears 
of age, carving in. weight between 30 and 35 pounds Each animal was obserced 
for 2 to 4 dais pre operativelv, and an estimate ot ceiehial function and normal 
activity was made for comparison with the condition following total be-pass of 
the heart and lungs 

Although the apparatus used fits mto a standard autoclace, no attempt was 
made in anv ot the experiments to adhere to aseptic surgical procedure The 
animals were shared and washed pnoi to surgery, in oidei to eliminate as much 
gross contamination as possible, but none ot the diapes, mstiiiments, and equip¬ 
ment were sterilized 

The animal selected foi pumping evas piemedicatcd with morphine and 
atropine prior to the intravenous admimstiation of Pentobaibital Sodium 
Large operative wounds for the exposure of the heart and great cessels m 
animals whose blood is rendered incoagulable hi heparin, as m these experiments, 
necessitated meticulous attention to possible sources of bleeding duiing the 
operatic e procedure No tissue encountered in the dissection eras divided with¬ 
out first being clamped The small portions of tissue on each side of the pro¬ 
posed hue of division were divided, and each ot these bundles evas mdmdualh 
ligated. The right pleural cavitv was entered through the fourth intercostal 
space, and the femoral arteries, femoral ceins and the right common caiotid 
ccere dissected free for a distance long enough to permit cannulation 


When the chest ot the animal was opened, controlled pressure was applied 
to the breathing hag attached to the endotracheal tube The rib margins were 
separated with a seli-retaining retractor, and the right lung was displaced so as 
to expose the superior cena cava The azvgos rein was divided and the pen- 

wa ? °P ened - m Qrder t0 expose the ri S ht auricle and the mfenor vena 
car a A rubber nbbon was passed around the superior and interior cena cavas 
heir entrance into the light auricle A measuied dose ot heparin was then 

- When the 
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the right heait cannula Tins tightening effectively pieiented the return oi 
lenous blood to the light heait from the penpheial cnculation During the 
penod of total by-pass, an incision was made in the light auiicular appendage 
to permit exploration, under dneet vision, of the intei 101 of the light auricle 
The venous retiun m the coionaiy smus was diawn oft by a simple suction 
device and was then measuied (The piesenee of air m the venous pickup line 
of a dispersion-ox) genatoi is of no consequence, theiefoie, this blood tan lie 
letuined to the venous side of the appaitus ) 

Anticoagulants —In the first eight experiments, the donoi blood, foi tillnm 
the machine and foi replacing blood lost fiom the incisions m the lecipient 
animal, was collected in standaid tiansfusion bottles containing 120 c c of ACD 
solution When this blood was pumped into lecipient dogs tlieie was a rapid 
and meversible fall m blood piessuie Donor blood was theiefore collected, 
with heparin as the anticoagulant (50 mg pel 1500 c c of blood) 

In the fiist 33 experiments, the lecipient animals were given heparin in 
dosages of 3 to 4 mg per kilogiam of bodv weight, just pnor to the inseition of 
the cannulas This dosage was adequate foi maintaining an incoagulable state 
dining the pumping period Howeiei, near the end of the pumping period, 
small collections of matenal thought to be fibrin weie noted on the walls of tin 
pumping chambei The liepann dosage was levised upwaid until the foimation 
of this matenal ceased Pnoi to cannulation, all the dogs m the lemaindci of 
the series leeeived 10 mg of hepann pei kilogiam of body xveight 

Rexeisal of the liepann effect at the conclusion of circulation through the 
expei imental cncuit remained an unsolved problem Many of the first animals 
lcceixed piotannne sulfate in doses of the nunibci of milligiams equal to the 
amount ot hepanii injected Some of these animals suffeied seveie hypotension 
on administration of protamine, e\en when tins was given very slow 1} and ui 
high dilution Transfusion of tiesli, whole blood, collected in a sihconcd sirnige 
tiom a donoi dog, seemed to be moie effectne in leveising the hepaiin eftect 
This appioach to the clotting pioblem, although not ideal, pioecd effectne 
enough to peinut eliminating the use of piotannne in main dogs later in the 
senes 

Eight animals in the entire senes died of postoperative hemothorax, and 
tatal bleeding seemed to liaxe come fiom the legion of dissection in the medi 
astinum This bleeding doe eloped in spite ot the meticulous ligation of all 
bundles as the tissues eecrc dmded Iloeececr, onle two of tlie final 23 dogs 
used in the series died oi uncontrolled oo/ing This induction of moitalitv lroni 
postoperatnc hemoirhage was attributed to two factors— the liberal use of fresh, 
whole blood and the use ot the multiple ligation technique 

Cannulation An L-shapcd pohcthelene tube, similai to the cannula 
dcsenbed be Leeds, 1 ' was used in the first 42 experiments for the collection oi 
the e cnous blood returning to the right auricle from the superior and inferior 
xena e le ss This tube was inserted into the supenoi eena caea through the 
proximal end ot the dnuled a/egos coin, and down into the mtcnor eena caea 
irou, t le rn; it auricle tin stump of tin uzegos xein was then ligated about 



heuiswobth et vl \btificiaIj oxygen-ation vnd circulation 123 

the stem of the cannula Iu the course ot these 42 cxpenmeuts, three scnous 
Tarl m tins svstem rreie obsened Fust, the unions return often in- 
*IZZ to maintain a satistacton flow rate This occmied because of a 
tendency for the malls of the superior and inferior rena caras to pull m o 
openings of the cannula during the suction period ot the pumping cycle, and 
to effectively block the cannula Second, the insertion of such aeaiuru a. 
attended bv the risk ot mtroducmg air into the right auricle Third, the up¬ 
right hmb of the cannula blocked direct opeiatne appioach to the lieait 

The pioblem of venous leturu through a cannula inserted, into the superior 
and interior vena eavas through the light amide nas managed at first br the 
incorporation of a suction-ielease mechanism Through this deuce, the suction 
was automatically turned oft when the mdiawn nails ot the supenoi and inferioi 
rena cavas blocked the cannula Flou lates were mcieased hr this mechanism, 
but were still not the best obtainable 

Rapid, continuous flow of venous blood into the machine nas erentuallr 
obtained br the use ot a “femoial rem supplement ’ This consisted ot a long 
pollethvlene catheter with multiple peiioiatious m its nail The eathetei nas 
passed into the inferior reua car a through a temoral rem, and nas threaded 
thiough the intraeardiac portion ot the L cannula into the snpenor rena cara 
The end of the “femoral vein supplement’ eathetei, nlucli remained piotrudmg 
trom the temoral rem, was sealed to piereut blood fiom escaping and an from 
entering The small, indrrelling, perforated catheter made it mechanical!} im¬ 
possible foi the walls of the supenoi and interior rena caras to collapse com¬ 
pletely Through this deuce theie was uninteuuptcd filling of the machine, and 
fion rates between 2,500 and 3,000 cc per minute ueie easilr obtained 

The danger of air embolism drumg the mseition ot the cannula rras 
eliminated hr the use of a Cellophane dialvsis-tulung obturatoi m the lumen ot 
the cannula A length ot Cellophane tubing was closed at one end, and its outei 
surface rras lubricated ruth a small amount of mineral oil m order to facilitate 
lemoral It was then inserted into the L cannula and distended ruth saline 
The Cellophane sausage thus foimed occluded the lumen completely, and per¬ 
mitted mseition ot the light heart cannula without dangei ot air embolism oi 
hemonhage When the cannula rras in place, the oiled ohtruatoi rras lemored, 
and its pistonlike action on remoral filled the cannula ruth blood 

At the termination of total br -pairs, closiue ot the heart and lemoval of the 
right heart cannula rreie accompanied br the danger ot an embolism The 
possibility of tiappmg air m the opened heart was leduced hr allowing the 
heart to fill completely before closiue, with blood iiom the eoronarr sinus 4 or 
by pourmg m saline to 8n toe mmole The danger ot a.r embolism dnrmg the 
lemoial ot the L cannula mas minimized bv ailmg the plemal space irttb sal,no 

tol“ir e .he » under the toiel o 1 til 

, „alu.tod“ l tot’”f‘ { “ oi h'Jgenated blood to the ammal weio 

far. it 3r ' hvperiiueiits, oxjgenated blood teas letmned through both 
temoral alter,es in a retrograde tashion bv too US, of 
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passed into the aieli ot the aoita AitenaL letmn bv this method was ndeqtijU, 
but high pumping piessuies yvcie necessaiy m oidei to oyeicome the lesistaiae 
m long catheters Return ot oxygenated blood was attempted tluougli out 
temoial aiten cathetei and one common caiotid aitciv cannulated with a T 
tube, so that both limbs ot the divided caiotid aiteiy functioned as aitenal in 



Hp -—PortlonH of record* of Dog 50 Tracing of respirations und blood pressure >*Rh 
rate anil change# In extracorporeal circuit. 


lets This was discontinued because oibital edema on the same side seemed to 
icsult In tlu most ment 20 expeiiments the aitenal return was carried 
through two pohetlnIaic e uinulas One was pointed initially in the rigid 
li moral nittiy and the othu was pointed tow aid the heait in the right common 
e irotul irtere These eannul is yyeie 4 mm m diaimter, and yyeic inserted tor 
only short distances 

lwo addition tl e luniildt ions completed the pickup and leturn systems 
V eitheter w is i*l iticl m the right temoial yein anil this siryed as a channd 
lor return during yein to yem pumping In orelcr to lcioid blood pressure and 
to obtain samples lor oximetry the lett umoral utery yy is cannulatid 
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ments Foi the most pait, it is piaetieable lieie to lefei only to the obsenatiom 
leeorded in that phase ol the expemnent when the animal was on total b\ pas* 
of the heait Poitions ot the lecoids oi two expemnents aie shown m Figs 1 
and 3 The following laboiatoiy data cited, howevei, cosei the full dvnationot 
each expemnent and not just the cmcial 30-mmute penod of total caidi.it e\ 
elusion 

The mean blood piessme lemamed witlim a noimal lange in most of the 
animals during total by-pass With regaid to the bieatlung, it is impossible to 
say more than that the animals continued until noimal lespiratoiy moteinenls, 
even uhen, in total bj-pass, the lungs wcie deflated and pale, and piactiealh 
bloodless Aftei all the blood letuinmg tlnough the supcnoi and niteiior vena 
eat as had been lerouted tlnough the appaiatus, the volume of the heait decieasul 
immediately and the auiicles weie quite collapsed Dining this same penod 
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Fit; 1—Oxygen saturation of arteiinl samples .luring total by pass The °P?" t c c t0 
represent the mean \j\lucs obtained I-uch of these a\erages la dcriM-d from lv,e i fnrL 
eighteen anal>s«_s In the enrl> period before pumping In the period Immediately . * 
during and after the b> pass between 25 anti 35 analyses were a\eraged for each I 
In tlie late period after b> pus* between eight and thirteen anal>scs were a\eragcu 
each point. Each figure records the anal>ses of a total of 325 arterial samples A t L G 
standard de\Iatlon from th e mean Is Indicat ed b> the dotted lines and Is obtained by u 
following formula »=**!✓ i \ 

\ y n ) (^x 3 ) - m s3 

the \entuuilui contiactions limaiiud stiong and tended to slow down Then, 
was no gross disturbance in the elcctiocaidiogiam, and in a feu expemnents, the 
animal had an occasional aentnculai extiascstole With the wall of the light 
auricle opened wide, the lctum iiom the coionan \eins, collected b\ ducet 
aspiration ot the coionaic sinus in seacral animals, measuicd 30 to 40 c c per 
minute The bod\ temperature was allowed to fall to subnoimnl lcicls (32° >° 
3G° C) throughout mam ot the expemnents In the latest group, the bod' 
temperlture was held at i ncaih normal le\cl (36° to 3S° C) b\ adding a 
heating coil to the oxegeuiting unit and b\ dee i easing ladiunt heat loss irom 
the animal The torniatioii ot urine did not seim to he intcimptcd ill the tot il 
1>\ pass ph esc ot the expemnent Tin sur\i\ois otten ngaincd eonseiousiiess 0 
the time oi tlosiua ol the ehest u ill incision, uni within loin hours alter coin 
plctiou ot the experiment tlie\ stood on all touts mil started to dunk w iter 








, ,-p,- mo x VNU CIRCULATION 12T 

BELMSWORTH ET AL artificial oxxgen \T10. 

amides ranged between 93 and 98 per 
The oxigen saturation ot ai ° Duung the total bi-pass 

cent in the control period tom pw»P » between 90 and 95 per cent 

or heart and lungs, the oxi gen sa urai i ° m arterial samples 

Auer restoration ot normal emulation osigon ^ m mtenal ot 

artenal soturanon taU Mow 90 per cent 




*lgr C—Oxjjten capacit> of arterial samples during total to-pass. (For /urther explanation 

see Fig 4 J 


The 0 x 1 gen coutent ot the arterial blood shown graphically m Fig 5 was 
reduced sbghtly during the b\ -pass penoi This change was due m part to the 
addition 01 fluids not containing hemoglobin (physiologic saline solution, 5 per 
cent glucose in water, etc) That tins was a lactor was indicated by the tall 
in oxygen capacity which occurred at the same tune (Fig 6) Both oxygen 
content and capacity rose somewhat after the conclusion of by-pass, probably 
as the result ot transrusions ot whole blood. 

Pnor to tbe period ot artificial oxygenation, artenal samples waned con¬ 
siderable in fheir total carbon dioxide content, as shown m Pig 7 This probablv 
resulted irom eanations in the method ot anesthetizing and ot administering 
o\i gen The total carbon dioxide content was increased m artenal samples 
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taken duimg the b}-pass penod Attei the pumping, the trend of the total 
bicarbonate x\as downwaid and appioaelnng control levels A caibon dioxide 
absoibing unit xxas inserted in the line (Fig 1, G), through which all of the 
caibon dioxide and excess oxygen were withdrawn from the system. B\ this 
absoiption unit it was possible to use a giavimetnc method for measuring the 
amount ot caibon dioxide eliminated m the piocess of dispersion oxx genation. 
The ax ei age m six expei iments was 40 3 e e pei minute during the period of 
total bx-pass 



Pig- 7 —Total carbon dioxide content of arterial samples during total b> pass. (F° r l ur,l ' cr 

explanation see Fig ) 



Hg 8—Carbon dioxide Un-don ot arterial samples during total b> past* (For further cxpl* n<l 

tion see Fig f ) 

Anahsis ut arte rial blood diaun bctoie c\tracoi portal circulation 
started show til a Undent \ tor t lie carbon dio\idc tension to use (Fi£ S) 
tciiduu\ w is iccentuatul atter pumping was staitid, with the \alues remaining 
u alx>ut 14 nun II*; during the remainder ot the period ot complete b\ 
hollow in.* the pi riod oi !)\ -pass, tin < u Ihjii dio\idt tension rose somewhat high* 1 * 
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Dunn" the piepumping penod ot the expen ments the plasma pH gniduallx 
tell as shown in Fig 9 This change was piobahh due to retention ot eaibon 
diolide Resulting horn the method ot oncsttatton aod mflottot, ot the Imp 
During the bx pass period, the tendencx tow aid acidosis was somewhat aggia 
\ ated ° In the postpumpmg penod the pH tell tui tliei 

The entena ot suivnal weie based on obseirations made m the penod 
immediately following total bx-pass No animal was eonsideied a suinxoi un¬ 
less it made a complete lecoxeix Horn the anesthetic, exidenced good ceiebial 
function, walked, ate, drank, xoided, and defecated Libel al doses ot anti¬ 
biotics xveie adnnuisteied, but loug-tenn smxixors weie tew Onlx sexen ot 
these animals lixed toi sexeial mouths betoie tliex weie sacnficed, the others 
that had met the entena ot suixixal succumbed to intiathoiaeie and geneialized 
infection oi to tluombosis of the supenoi vena caxa, in a penod ot toitx-eight 
hours to two weeks (See Table I) 



FTg 9—-The pH ot arterial samples during total by-pass (For further explanation, see Fig 1 ) 


Txble I Animals That Met Criteria of Survival 


HOG NO | DATE OF B\ FASb|DXTE OF DEATH 


8 

5/26/51 1 

8/ 3/51 

12 

7/ 7/51 

9/17/51 

16 

7/20/51 

9/ 9/51 

17 

7/27/51 

9/ 9/51 

21 

9/ 1/51 

10/15/51 

37 

11/10/51 


38 

11/11/51 

11/14/51 

41 

11/24/51 

11/26/51 

15 

I 12/22/51 

12/24/51 

47 

12/29/51 

1/11/52 

50 

1/ 6/52 


51 

1/12/52 

1/13/52 

52 

1/13/52 

1/14/52 

53 

1/19/52 

2/ 2/52 

55 

1/20/52 

2/ 3/52 

56 

1/27/52 

1/29/52 


REMARKS 

Sacrificed Normal autopsy 
Sacrificed Dense nglit sided pleural ndlie 
sions 

Sacrificed. Pericardial effusion and sub 

cutaneous abscesses in chest trail 
Sacrificed. Normal autopsy 
Died. Chylothomx and compression atelec 
tasis 
Living 

Died Marked pulmonary consolidation 
Died Thrombosis of the superior vena 

cava 

Died Marked pulmonary consolidation and 
edema 

Accidentally electrocuted 
Living 

Died Pulmonary consolidation and edema 
Died Thrombosis of the superior vena 

cava 

Died carditil lple abacesses and Purulent peri 
Diea cava T ’‘ Sr0mb0S13 ° f the 3u P enor vena 

pulraonarv consolidation and 
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Of the 57 dogs subjected to complete by-pass of the heait and lungs lor 
penods of thirty to foity minutes, 52 lemained alive until the extiacoipoical 
circulation was completed The hist animal to meet the enteiia of suivnal was 
the one studied in the eighth expenment Consecutive suivmng animals were 
obtained aftei 50 c\penments had been completed Sixteen dogs made complete 
lecocencs, giving an ovei-all suivival late of 28 7 pei cent The initial snrvnal 
late with citiated blood foi tiansfusion w r as 12 pei cent on the first eight am 
mals The late of suivnal lose to 33 3 pei cent aftei the citiate solution m the 
tianshision blood was leplaeed by hepann as an anticoagulant Aftei a caieful 
technique was instituted ot ciossmatching donoi and lecipient animals, the 
suivnal late lose to 40 pei cent The mtioduction into the appaiatus of a In 
pass channel, which shunts a fiaction ot the lenous blood dnectlv into tin 
ehambei pumping out the aitenal ictuin, lesulted m fuithci impiovcment in 
the sunnal late, 57 pei cent of the last fouiteen animals sunned 


COMMENTS 


Fiom this expcnence with extiacoipoical oxygenation and pumping of the 
blood, tlieie aie some observations wdncli ment tuithei comment These oli- 
seications aie lelated, it is believed, to factors detcimining the success ot this 
appaiatus and method, and aie theietoie discussed in the following te\t 

Ciobsmatchincj Donoi and Recipient Doys —Tlieie is little doubt that the 
tianstusion of incompatible blood caused the death of some of the animals cad' 
in the expenment The first 29 expenments weie earned out without legaul foi 
the possibility ot blood incompatibility among dogs Aftei this, using tin 
duect slide method, the recipient's cells weie always matched with plasma fiom 
the piospcctne donois 17 (Appioumatcly 25 pei cent ot the tests showed 
stiong agglutination ) Ancdlaiy expenments weie earned out m which 
hcpanni/cd blood known to be incompatible was gnen as leplaccmcnt tians 
tusions to two dogs The fust animal became hypotensive and died withm 
tw ent\ minutes The second ltmaincd amine and died aftei twenty-lour horn's 
The autopsy r findings in both animals weie lcnal ischemia and mtaiction, and 
see ere pulmonary edema 

Ciubon Dioxide Elimination —It has been suggested that the lcduction of 
seium pH and deration ot cubon dioxide tension ma\ hare hannful eltects on 
dogs subjected to total In-pass ot the heait and lungs 1 '’ The possible signifi 
c mce ot tluse changes w is consult led in the anahsis ot the eaih expenments in 
which tlu dogs succumbed (Jollatci il studies weie made with tliicc dogs to 
bic filling cat bon dioxide m an oxygen filled bag The pll of then aitcri.il 
blood was lollowcd by licquent dctcnninatioiis with a Beckman pit nictu Ten 
minutes aitci tin stilt ot lebicathmg the pH tell iiom not mill to 7 2 After 


eighteen minutes the pH was 7 11 I’m thnt\ minutes, the animals remained 
with in u ti l lal pi I oi l> 90 to i 1 > I ollow mg this pei lod thee i cco\ ei ed 1 1 oin 
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Filter* iii the Extracorpo, eal Cucuit-IW mesli, stainless steel and 
sinteied glass filters vieie employed m some ot the experiments These poious 
surfaces caught some small clumps ot eivtluocytes and fihim masses, hut it was 
difficult to ascertain that the filtenng surface was not a tactoi in the formation 
of these tiny, unshaped groups With the met eased dose of hepann employed 
in the most recent experiments and with the eiossmatchurg technique, need foi 
a filter was probably reduced All except thiee of the surviving animals were 
maintained without a filter in then extracoiporcal circuit 

Thrombosis of the Supenor Vena Cava —Thrombosis of the supeuoi vena 
cava uas the cause of death m thiee dogs that had made complete recovery fionr 
the period of total by-pass The following aie the factors responsible foi these 
thromboses, which were all at or above the level of the azi gos vein and nei er in 
the mfeiioi vena cava fust, tiauma to the ultima ot the supeuoi xena cava 


duung cannulation, and while the nails ot the vena earns ueie piessed to the 
cannula m the period of total In-pass, second, the mtiaienons administration of 
protamine sulfate into the cephalic rein, lelativelv close to the site of eaial 
tTauma and the stump of the azvgos vein, thud, local bacteual mtection in 
animals, with septicemia and abrasions ot the ultima of the supenor vena cava 

With some piaetice, the cannula can he mseitcd without mtimal tiauma 
Xairow lubber nbhons have heeu employed as ligatures, to compiess the caval 
walls aiound the instilment foi the peuod of total venous dunnage Tight 
ligation with a cord, wrtli its lesultant isehemia of the vessel uall, is avoided as 
much as possible 

Autopsy Findings on Dogs That Succumbed —A study ot the lesults of 
necropsy on animals that survived foi only a few hours aftei the total bj -pass, 
did not alwajs leveal the cause of death The bram was not examined in most 
instances, and no gioss abnormality was identified in the brains that weie re¬ 
moved It was noted, houevei, that a laige proportion of the dying animals 
exhibited signs usuallj associated with ceiebial anoxia m man 

A variable amount of pulmonary interstitial and peubionclual bleeding was 
a fieqnent finding Tins gave the appearance of a led consolidation of the lung 
(Microscopic sections disclosed hemorrhage and edema ) The application of 
excessive piessuie in a closed system for the administration of oxygen into the 
trachea during stages of the operation, is possibly one factor m the pathogenesis 
of this hemorrhage A second factor may be the accidental needle puncture ot 

the lung m a heparinized animal during thoracenteses earned out in the post- 
operator e penocL 1 


mm 'flen 


In the gross, the kidnejs weLe usually normal m size and eoioi 
differentiated cortical and medullary portions On the surface of many' of "the 

ssr-sssi r 5 c u h rz«r jut smaU ' rart, “ i ^ 

, n , , m aiame tei The nucioscopic sections revealed 

infai cted tissue and degenei ation of all eeUulai elements “ 
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2 The opeiative piocecluie loi the expei intents, the use oi anticoagulants, 
and special methods of cannulation aie given m detail 

3 Obsenations made diuing bj-pass o± the heait and lungs aie listed 
anahsis ot arteual samples loi the oxvgen and caibon dioxide content and pH 
is also included 

•4 Expenments on 57 dogs aie desenbed, in which theie was total be pass 
foi not less than 30 minutes (Fittj-two ot these animals lemained alive for the 
duiation of the expennient ) Suivnal with complete lecoveiy iiom the 
anesthetic is emphasized, and 16 animals in this eategon aie cited 

5 Sec end specific pioblems associated with extiacoiporeal oxygenation and 
pumping ot blood aie discussed buefly 


tin authors wish to express their gratitude to Dr Sol K iplan, Dr Frank Golhn, awl 
Dr I redone Kilvirmnn for their advice and assistance with ni in) of tlio fundamental problems 
inoountired Tile eompletion of the stud) would not hn\e been possible without the uu 
limited teelinnal assistance of Miss Moll) AIncKeuzie and Miss Ruth Parker Tlio Department 
of Ynesthesn of the Cinemnati General Hospital, under the direction of Miss Mtirv Yhn) 
Costello, was most helpful throughout the entire program 
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lems in electronics The technical assistance of Mr Dean Kimball of Da) ton is ubo 
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( ollege, ealuahlo pieces of recording equipment eeere made ae niluble for use iu the in 
e estigation 

lhe authors arc espeeialle indebted to Air H E Eleeood of the Corning Glass Work , 
Corning', jSm York, Dr Shinier Bass ot Dow Corning Compnn), Midland, Miehigan, awl 
l)r Iv Y\ Thompson of Organon, Orange, E r ew Jersee The material nssistnueo awl 
teehnieal adeue from each of theso men and their companies mude possiblo tlio contmua 
tion of this ee ork 
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SOME PHYSIOLOGIC ASPECTS OF THE ARTIFICIAL 
HEART PROBLEM 

F D Dodrill, M D , Edward IIill, M D (b\ invii vtion), and 
Robert Gerisch, MD (b\ invitation) 

Detroit, Micii 


S EVERAL mvestigatois ha\e icpoited on vauous types of aitificial liearts, 
to b\ pass the lieait, eithei paitially oi totally 1 " These investigations lime 
been along two lines hist, total by-passing of the entne lieait and lungs such 
as icpoited hy Gibbon and associates 1 01 Dennis and associates, 2 second, the 
imilateial substitution foi one 01 the otliei sides of the lieait while the other side 
and the lungs continue to function Leeds, Puciss, and Siegel 3 as well as Sewell 
and Glenn 4 base icpoited substitutions foi the light side of the lieait feirak, 
Edison, and Zollinger* as well as Kantiowitz and Ivantiowitz 0 have leported 
substitutions foi the left side ol the lieait 

Tlicic base been few aitilieial mechanisms icpoited which would pci foi ni 
aii\ 01 all oi these functions Wesolowski and Welch" have icpoited an arti 
ficial mechanism whcieln eithei side of the lieait oi both sides could he bi 
passed using the lungs as the osygenatoi It is not the puipose of tins mnnu 
script to levicw all the \anous aitificial mechanisms that base been leported to 
date AVe wish to picsent, howcvci, some physiologic data winch probabl) 
peitain to all tjpes oi aitificial mechanisms 

Analyses of sevcial Upes of pumps that have given some pionusc of being 
satistactoi \ foi muintaining the sjstcmic ciiculation w r cie made at the begin 
mug ot out imestigution The Dalc-Schustu pump was selected foi further 
anaLsis and testing because ot ccitain liilicient icutuies This tjpe is a \aiiable 
displacement pump, that is, each stioke of the pump is accompanied by dis 
diaigi ot a quantits ot fluid go\eined In the actuating picssuic and lesistanec 
to fluid flow in tlie cnculnton scstein 

Pumping action in the Dale Sehustci pump is obtained bj cieating a 
\oluiiii change m a late\ lubbei fingci cot which is enclosed in a cjlmdcr 
(L'lg t) The fingci cot ilso sepaiales tlie actuating an fiom the fluid being 
pumped Volume change ot the fmgei cot is aehicncd In collapsing it with negu 
tne an picssurc md then expanding it with positnc an picssme Collapse ot 
the finger cot results in liquid bung cliawn into the cclmdei tluoilgh the inlet 
\ il\c loc iti(1 m the \ tl\c both Lxpansion ot the fingci cot foiccs the li(|Uid 
out oi the c\ lmdcr tlnough tin outlet vile, The inlet and outlet \ahcs arc 
dosed be picsxuu topiowdi unidnu tional flow of the. blood 
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Positive and negative an piessuies aie admitted alternately to the fingei 
cot by an an valve which can he operated at difteient speeds An lnessme 
contiol is obtained by use ot a piessuie regulator and an an-bleed valve The 
maximum piessuie that can be applied to the blood is the actuating piessure, 
piovidmg the valves aie piopeilj designed to pieveut high localized piessuies at 
the seats when they close 

Alter extensive tests conducted with vvatei to deteimme opeiatmg cliaiac- 
tenstics of this single pump unit, tests vveie mn to cleteinune the amount ot 
hemolysis caused by the pump No significant hemolvsis ot the blood oceuiied 
over comparatively shoit periods of cndilation 
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F'ff 1 Individual pumping c> Under 

Since om tests on tins smgle unit gave such good lesults, om next step was 
design a unit with sufficient capacity to accommodate an average-size adult 
and enough flexibly to fit the proposed medical research pro^am The 
posed piogiam to be iollovved m application of tho ? , ° 1 e P ro ' 

four steps (1) subs, l0l t Z ,7' ° ll % Si , T* T™*™ °‘ 
beort, (3) substitution fo. both soles of the ,ca t e ll “ " tor ,te lel * 

EZSZZ&ZXZ.’r 7 s ? 

Ot the rtf* been and ,be otbe, d°e Jbe pW oft S 17 *'° ‘ he ■"*“ 
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The peak piessuie lequued to pump a given quantity ot fluid uudei con 
tinuous flow conditions is less than the peak piessmc lequued to pump the 
same given quantity ot fluid undei pulsating flow conditions In oulei to 
minimize the blood piessuie deliveied to the lungs, a continuous flow pump 
was designed toi the light side (Fig 2) To achieve a higliei blood piessuie in 
the aitenal system, the lett side of the mechamcal heait was designed to a 
pulsatile flow Sufficient pump capacity to handle a noimal adult was obtained 



Hh -—lilt, lit nIUc of assembled pump 


b\ using six individual units operating m paiallel on each side Constant flow 
on the right sielc v is obtuuuel li\ v dung the aelmitt me e ot an piessure to tla 
inside, oI the linger eots in sue h i niannei tint one o! the si\ indivieluil pumps 
eliseli irge-d everv (it) dcgiccs ot e lmshatt rot.ition The eainshatt is eoininon to 
lmth sitk-, mil it ope rites level aiills vvlilt li valve the m pussuie to the ellftliuit 
pumps riu c mis on this slant in designed to admit positive anti negative 
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pxessuxes for equal pounds ot tunc to the 

flexibility to the mechanical hea , ^ ^ ^ ot d step pullet auange- 

au inessu,eb a,e p " mded 

fM C»»V. o, „ m «, Cool one to - U *d 

"CS SToopae..! .01 aumuls »e, 8 lu„g 20 k.lo- 




Fig 3 —Pot\ er auppl> for mechanical heart. 


grams when using S min. tubing toi connections to the eannulae Use ot 12 nun 
tubing with six units will gi\e the pump a capacity of appioximately 5 liteis 
per minute 

Pump parts are made ot stainless steel, glass, and lubbei Standaid Pviex 
brand glass is used toi the glass parts while the fingei cots aie made out of sur¬ 
gical latex lubbei 

Individual units aie \ei\ ease to disassemble foi cleaning and autoclaving 
All surfaces that come m direct contact with the blood stteam axe coated with 
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Dow Coining DC-1107 Silicone dissolved in eaibon tetiachlonde A 2 pei cent 
b> \olnine solution ot DC-1107 Silicone in eaibon tetiaelilonde is used Vltu 
coating, the metal and glass paits aie baked ioi 1 lioui at 300° F Since tin 
Silicone coating makes the sui faces piactically nomvettable, it is lelt that this 
helps to pi event the foimation ot fibnn as the blood passes tlnough the pump 
In oidei to measuie the blood flow dnimg opeiations, a Wen tjpe lion 
metei was made (Fig 2) The flow late in this metei ls a function of the blood 
level as it diseliaiges thiough a \eitical slot in the uppei poition of the flow 
metei The slot has been ealibiated to allow the flow late values to be lend 
dining an opciation The blood disehaige thiough the slot must occiu in an oi 
owgen it the flow metei is to function The amount of air oi oxjgen tiapped 
in the flow metei is eontioiled bj an ail bleed valve on top of the flow meter 
A filtei lioldei is built into the flow r -metei assembly These featuies allow the 
llow-metei assemble to sene tlnee useful puiposes flow'-iate indication, filha 
tion ol the blood, and collection of any an that may entei the system AYlien 
the flow' metei is used on the delneiv side of eithei pimip, a consideiable pulse 
dampening takes place because of the laige volume of ail oi oxjgen tiapped in it 
An piessme, \acuum, and electneit}' aie supplied to the pump by nilibei 
liosi and elcctiical cable fiom the powei supply which is located outside ol tin 
opeiatmg loom (Fig 3) This powei soiuce, with the piesent tubing, cun be 
located 50 loot horn the opeiatmg table, although with longei tubing, it could 
be located a gieatei distance away The piessme and vacuum aie supplied 
bv two an pumps located in this housing One eleetncal swutch contiols the 
piessme Minium pump motois and the niotoi located on the hcait pump 

An explosion-pioof motoi is located on the heart pump to minimize the 
dnngtt oi an explosion in the opeiatmg loom The individual eleetncal com 
ponents aie all giounded tlnough a common giound lead foi satety lensons 
Suite an piessme and wtcitum aie supplied be this powei souice, the hcait pump 
is poitable and can be used amwhcie that iigulai 110 colt alteinatmg cuiunt 
is ivailible 

STHIILI/VTIOX 01 IMF VKTIFICVL MEUI \XISM 

Om mechanical hcait is so dcciscd that .ill paits that conic in contact with 
the blood aie stculi/ecl In oidinnv autoclaving AYc believe that this is 
nccessan in oidei to obtain a high elegiac ot succcssiul expnimcnts It is 
significant, we believe, th it m om entne gionp ot 05 expenments, not one animal 
h is dud ot nilcction 

Uhl UUXI/VTION 

During the use ot the aitihcial hint mechanism blood is lcndcicd in 
coigulibh lie using lup irm solution Dining the tails paitotoui wink wc 
Use el too sm ill imounts ot hipiim tnd occasion ills the blood dotted m tlie 
pump On the otlui hind wlun mine thin 5 mg ot hcpuni pel kilogi im 
oi hods weight was mtd some nisi tines oi um ontrollable oo/mg took place AYc 
tin n In g in to c tit ul itc the tmmint ot In pai m to use on the b lsis ol adding tin 
pump volume, which m our c isc is ippioxim itjv J(j(» i c to the weight ol tin 
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i tiui woitrht ol the animal with the amount 
animal In otliei amds «e comlimc the . ^ Mood whlch „ t „ 

srjsr^ - =r-, —- a— - - ~ 

and no instances of uncontrollable hemonhage 


EFFECT OF CITRATE SOLUTION ON 


ni nnn VISCOSITY 



CITRATE SOLUTION IN BLOOD- PER CENT 


Fis i 


VlSCOSITA STUDIES 


Since it is necessary to lendei the blood incoagulable during mechanical 
pumpmg of the blood, viscosity studies have been earned out with anticoagulant 
drags Otliei mvestigatois have found that the hepannization of blood does 
not affect its viscosity We have made similar studies using the standaid 
Ostwald Yiscosnnetei Oui lesnlts w ere the same, namely, that no appieciable 
change in nscositj takes place with the amount of hepaiui which is necessaiy 
to pieient clotting 


In addition, we liaie detei mined viscosity of Wood following the adminis¬ 
tration ot laige amounts ot transfused titrated blood Since the viscosity ot 
titrated solution is much less than that of Wood, it is to be expected that the 
tianstusion ot laige quantities ot titrated Wood would affect the viscosity oi the 
uiculatmg Wood Pig 4 shows a graph of the lowering of the mscositv of 
blood with gnen amounts of citrate solution It is seen fiom the <naph that 
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a 30 pet cent dilution oi blood with eitiate solution pioduces a piofoiuul lower 
ing o± the viscositv The two lines on the giaph lepiesent blood ironi two 
diffeient dogs We base also detei mined the \ iscosity of blood liom dogs be- 
toie and attei opeiation ot the aitifieial heait duung which time a huge amount 
of citiated blood was tianstused In most of these e\peiimeiits theie has been 
a pioiound diop in the viscosity ot blood following the piotednie Although 
the lowenng ot siscositv is somewhat dnectly piopoitional to the dilution, it 
is not absolutely in duect piopoition to it 

POISEUILLE'S EQUATION FOR 
LAMINAR FLOW 



P _ P . 32UVL 
1 2 D 2 

ff — « Pressure Drop 
U = Fluid Viscosity 
V = Average Fluid Velocity 
L = Length of Pipe 


D = PiDe Diameter 

Mb o 

Tin Msmsiti ol i fluid passing tinmigli a tubulai system piotoiindn 
uftnts tin pitssiui ni 11 ssai \ tn tom the Hind tluough the tubulai stnnturi 
I’m ugid tubis this is molding to «i dihmte phssnal law, known as 
I’oisiiulh s I tw toi lanunai How Although om cannot (ompaic the \usiulJ r 
scstuii to iigul tulns iHMitluhss to soim i\tmt tin law mac hi upphenhh to 
tin \ isiul u s\shm Tig "> lllust i itis I’msiuilli s Law toi lanunai flow Sum 
I’oisi uilh s I iw do s not Ipph toi blood in small tubes ol hss than 0 2 nun m 
diunitii it i innot hi applud to tlu tihiiolis Bingham mil Netting base 
Inith nioihlud I'oisi uilh s law mil tin si uiou |>iol)ihl\ <i j>] >1 \ to tin lasiular 
sistim Sum tin lowi i mg ot tlu msiomu lfiutstln ji(iiplmal usist mu and, 

thiritori tin lorn ot tlu pump oi in i i t wi siiggist that tins ma\ hi a luitor 
m Minn oi our mini il i\pi imu ills m whuli uiuoutioll ihlt oo/mg took plan 
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Smce >t a »dl-hno,n, f«» .U bk«l»isdull™ '“\f'f 
patients »ho hate tese.tetl huge aimronh <* 'i.matW M»t»l. « “>.»« 
that the lone.mg ot the t-iseosttt »t the Mood ot St,el, pattenta tesnl.hng «« 
the gieat dilution ot the blood La the utiate solution mai be a tactoii m un¬ 
controllable oozing ¥e aie not unawaie howevei, that otbei chemical 
changes also take place 

\V e also wondered it the nscositi ot the blood might be changed ha the 
meie mechanical pumping Viscosity studies weie, theietoie, earned out on 
blood which had been diawn tiom dogs and hepaumzed The viscositx was 
first detemuned attei it was withdiawn and again tollowiug thnti minutes 
ot mechanical pumping We weie unable to find am change m the uscositv 
troni the artificial pumping mechanism 


RIGHT-SIDED SUBSTITUTION - 


Expeuments ha\e been earned out in which blood is withdiaun from the 
right atuum, 01 \ena cavas, passes thiough the pump and is letuined to the 
pulmonai \ artei \ thezeln In-passing the light \entncle We pietei the light 
atrial appendage to the vena eavas, since with the cannula in the atuum, not 
onh the vena cavas blood is withdiawn but also that tiom the coionaiv sinus 
as well We have been able to successtulli substitute for the right ventricle 
dm ing periods up to 30 minutes We hai e detei mined, dm ing the course ot the 
substitution, both the pulmonarv arten piessiue and the aorta piessuie 

There are piotound xeflexes present in the dog with legaid to the uoimal 
atual distention In general this is thought to lepresent the Bambudge iefle\ 
Briefh stated, the Bambudge reflex means that a use in pressme oi inci eased 
distention of the gieat veins oi right atuum sends up impulses to the biam 
center causing an acccleiation ot the heart late and, theietoie, a use in the 
blood piessuie Imeiselv the leuioval ot the uoimal distention ot the atuum 
or gieat veins should cause a slowing ot the heait and drop ni blood piessuie 
In oui expeumental animals this iefle\, oi one smalm to it can be easih 
pioduced b> mild traction on the light lung V e hai e noticed this leflex diop 
m blood pressure constanth with the ti action on the light pulmonai-v aiten 
during its eannulation Fig G.t shows this piotound diop in svstenue piessure 
xolluwing ti action upon the right lung The tall in blood piessuie begins 
almost simultaneous with the traction on the lung Fig 6 B also shows a 
protmuid drop m systemic piexsrne as the 2 ight sided pump is turned on It also 
demonstrates a slowing ot the heart late 


Since it is known that atropine diminishes the neiwous impulses taking 

r\ 0t th V aS1 ’ t f! s l drujt ha - s bcen S 1 '™ 10 determine whetliei oi not 
thus Bambudge reflex could be abolished To a lame extent m™,,, a 

' h '»"r h »■ »*•»•> Zxill:iZn z s 

. ,lllNlau “ >h« mi ■" hlood tmtstue ,ollo,ri ng ,„ ctl00 0 „ th , S , 
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juilmomif} artery aJjou Ing complete aubKtltutlon for the rif,ht 
ml Iart.e \\n\QH arc duo to tJio rcanJrator 
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piesent in man as it ceitamly would be obsened dining light sided lung reset? 
tioiis, especially difficult pneumonectomies wheie tonsideiable tiaction h 
placed on the hilai stiuetiues 

It has been stated by some investigatois paiticulaily Gibbon ami asso¬ 
ciates 1 that the vena caias must be cannulated pioximal to the atuuiii ami the 
cavas obstructed between the cannula and the atiium in oidei to be sine th it 
all the light sided blood is being pumped with the mechuuuil mechanism 
We hate iound that anothei method may be used in oulei to deteinuneif ill 
the light sided blood completely by-passes the eentncle This is bi means ol 


OXYGEN IN BLOOD IN 



the pulmonue aitunl ptessuu pattern As the light sided pump is tuimd 
on md blood begins to 1>\ pass the light \entuele, time appears ill the pressure 
pattern ot the pulinoiiuv irteie two t\pcs ot piessme patterns One ot tlrn^ 
repie-seiits the ejection ol blood tiom the light \cntiule while the othei repre¬ 
sents the pattern troiu the ineihmuul pump dining puitial substitution lor da 
riglit \entnele Jlow 1111 is tin meeh innal pump pressure is increased nt'd 
dl the blood 1>\ pisses the right \mtruh the pussuu pitteill 1 cpicseliteil 
he the \entricului In it disippiais ami the jmttern is then solelj lroin die 
nnehuiu d pump 1 igs i md h illustiate pirttd 1>\ passing of the riffht 
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\ entncle and latex on complete bj -passing ot tlm right a entncle These todm* 
haxe been confUmed bi eithcL aspnation ot the light ientncle 01 b% musing t 
Latex on in this luauuscnpt ne shall desenbe a sinulai piessiue pattern toi the 

lett sided cu dilation 



COMPLETE EA.TR VCORPORE1L URCLLATIOX 
An o.w genator winch is lllustiaterl in a i, 1. 

circulation liacbeen ca mS out Th!. 0 ‘T” 

initiates ,„c same Umotcmite r.»e 5 a s fa. „ le 
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completely b\-passed It has been oui expenence that usually no drop m 
SYstemic piessure occuis, although in some expenments we ha\e noted sour 
minoi degiee of diop in aoita piessuie Atiopine will usualb abolish the 
minoi lnpotensne leflex, if piesent 

BLOOD CHEMISTRY 

During these expenments a laige numbei of tests ha\e been peitonned on 
the blood These ha\e been done betoie, duiing, and nnmedinteh after tin 
expenments These include total piotem, sodium, potassium, Ph, Ilematoirit, 
blood counts, oxigen satiuation, and chlondes We shall lepoit these elinimw 
subsequently 

SUMM YRY 

1 SixtY-fhe expenments on dogs using the aitificml heait ha%e been ptr 
fonned These include (a) light sided substitution, (b) complete extra 
eoipoieal emulation with mechanical oxygenation, and (c) left sided substitu 

tlOIl 

2 No animals Inn e died of infection This is due, we belie\ e to our 
tepe of pump which is stenli/ed lay autoclanng 

d The Mscositc of the blood is piofoundly loweied following the admmis 
tuition of huge quantities of citrated blood 

4 Theie aie piofound atnopiessoi leflexes piesent on the light side ot tin 
heait in dogs which giently lowei the sxstemic blood piessuie, in fact we In' 1 ’ 
found it liccessaiy to support the blood piessuie by huge tianstusions as "dl 
is In the administiation ot casocoiistnctoi dings 

5 This atrioprcssoi icflex is not present on the left side ill dogs or, 't 
least is not pusent to the same degiee As a geneial lulc we seldom obtain 
am drop in s'stcmic blood piessuie at all 

h We presuit a method oi dcteimining when all the blood b\ passes d> L 
licart This is In the particular t\pc ot aitciial piessure pattern obtained 
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fcOMUU, ET VL PHYSIOLOGY OF ARTIFICIAL HEART PROBLEM ^ 

KfrvrT^Tr'T it OXYGENATION AND CIRCULATION DURING COM 
DISCUSSION ON •L\ItTIF I CL^ ONYGENA HELMSMORTH, DR 

rente bypass ob the* 0GERT SHE rman 

LEL ^or THOMAS LARGEN, AND “SOME PHYSIOLOGIC ASPECTS OP 
■ the ARTIFICIAL HEART PROBLEM” BY DR E D DODRILL, DR 
THE ^ IU EDWAm) snXj jVKD DR. ROBERT GERISCH 

DR JOHN H. GIBBON, JR, Philadelphia -I was delighted to hear these two 
presentations and to learn that other workers are exploring methods of temporan ' drier 
L the blood stream from the heart I do not feel competent to dismiss the phi sio ogic 
aspects of the second paper, but I have had some experience with the Clark Golan lung 
In our laboratory we were unable to achieve the good results which were reported hi Dr 
Helmsworth but I am sure it was because we did not spend enough time developing and 
perfecting this method. I think a great deal of work must still be done with this ap 
pnratus, e g, developing automatic control of CO, tension and pH, before it can be safely 
used for total by pass of the heart in human patients 

I would like to show what has been accomplished with the apparatus we hate been 

uai ng_the new apparatus which was completed last summer The method of oxigenation 

consists m the passage of blood oveT stationar, vertical screens enclosed m a plastic ease 
Oxvgen is taken up and carbon dioxide given oft by the blood n hile it is filmed on these 
screens Thirteen animals lime sunned expenments in which the entire blood lion was 
temporanl) diverted from the heart and lungs These operations were performed between 
August of 1951 and Januarv of 1952 The entire circulation was earned by tbe mechanical 
heart lung apparatus, both venae eavae being occluded for penods, with the exception 
of the first one, of more than an hour, the longest for 100 minutes All of these dogs aTe 
alive and perfectlv well months afterward These thirteen expenments were from a con 
secutive senes of nineteen attempts, two of the nineteen annuals died from technical 
errors and the others died several da) s following the operations 

(Slide } This is a graph illustrating the kind of controls we have In this dog the 
entire circulation was earned by the heart lung apparatus for ninety sis minutes with 
the blood pressure maintained m the preoperaGve range The blood flow was con 
stantl) 1,200 turn, per minute, and the pH was well maintained on the alkaline side by the 
automatic control of the CO, tension in the gas exposed to the blood The artenal oxvgen 
saturation was well maintained and the venous oxygen saturation also remained at a 
normal level The latter we regard as indicative of adequate tissue oxjgenation and an 
adequate blood flow I think control of the pH of the artenal blood is important as 
Dr Helmsworth indicated 

\\ hen the heart is opened the disposal of the coronary blood flow is relatively easv to 
accomplish The coronan venous return is aspirated from the ngbt atnum and con 
Luuoush returned to the extracorporeal circuit When I left Philadelphia wo had opened 
the right atrium m four consecutive dogs, for penods between twenty five and thirtv five 
mmu es. While the right atnum was open the cardiorespiratory functions were maintained 
bv the extracorporeal blood circuit These four dogs are all alive and well weeks Infer 

taiJ^r^ " ob tbe * ao 

time when extracorporeal blood circuits of the" meet, \ that ale approaching the 

employed in the treatment of human pTtiel W ^ *' ^ * «*** 
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into the az\goa vein, into the superior cat a, down through the right auncle and into the 
inferior vena cava It is ligated in place so that blood from both \ena eavas must pass out 
through the cannula and uono into the right auncle lie have found this quite "atis- 
fnctorv 


The second point concerns other applications of the mechanical heart (Skde.) lie 
have reeentlv applied it to occlusion of the thoracic aorta The carotid arterv is cannu 
lated and a plastic tube is passed through the femoral arterv aud into the thoracic aorta. 
The blood from the common carotid arterv is passed into the reservoir cvUnder, through 
the pump and bach into the femoral arterv via the plastic tubing Bj this means the 
aorta has been occluded for periods up to three hours, with survival Bv applving clamps 
abov c aud below anv place in the thoracic or abdominal aorta, the aorta mav be resected 
and anastomosed The spinal cord receives an excellent blood supplv and we have had no 
cases of instances of spinal cord damage with this tv pe of surgerv W e have encountered 
a good deal of dilhcultv w ith heparin nud dehepnrinization Some of the anastomoses have 
bled and the animals have not survived 


DR lAJIES A HELHSWORTH, Cincinnati—(Closing ) I want to thank Dr 
Gibbon and Dr Leeds for their contributions to this discussion To bridge the verv large 
gap between total bv pass of the heart m experimental animals and clinical use of the 
licnrt lung machine, main additional studies are required One simple step to lie taken in 
this evolution of svstems to oxvgenate and pump the blood is the experimental use of the 
ippanitus for partial b} pass of tin heart and lungs m selected patients with discui of 
tin. cardiorespiratorv svstem 

Wo would like to summarize the successful use of the dispersion oxvgenator and 
pump, in a 45 vear old man with extensive fibrotic disease of the lungs aud cor pulmonale 
His dyspnea, cvnnosis, and orthopnea were severe, but the procedure was completed with 
local anesthesia and without large doses of sedatives The venous blood was withdrawn 
through the catheters passed into the inferior vena cava via the saphenous veins, af< er 
the blood had been o\v genated and freed of some of its carbon dioxide, it was pumped 
back into two veius of the right arm The period of extrncorporenl circulation was 
minutes 


(•slide ) The flow through the extracorporeal circuit was slowlv increased until it 
reached 1IM1 cc per minute This was equal to approximated one fourth to one third of 
his tnrdinc output The blood pressure, which had fallen after the administration of 
heparin, returned to tho normal range There was an immediate decrease ill the rate of 
respirations and a concomitant relief of dvspnea and orthopnea The reduction u> 
cvnnosis was unequivocal 


(•slide ) The control sample of arterial blood for oxvgen saturation was un ati 
faetorv In the pumping period the range of saturation wns 55 to 00 per cent After the 
period of dispersion oxvgenntion, the artennl ovvgon saturation fell into the range of 1 
per cent the control level for this patient's state of cardiorespiratorv dvsfunetion The 
plasma carbon dioxide tension fell and tho carbon dioxide content and pH rose There wa- 
an increase in the leukoevte count Tho ervthrocvto count was unchanged anil the con 
eentrntion of hemoglobin remained exaetlv the same The quantitv of hemoglobin m the 
supernatant plasma was too small to be determined accuratelv bv routine methods. 

The patient experienced definite relief of svmptoms during the 75 minutes of podnd 
bv pass He was given antibiotics for several dnvs and left tho hospital without obviou 
change in the course of pulmon irv fibrosis and cor pulmonale 


Db DODblLL — 
«xpoMm of tin rnitril 
pirtuultr 1 \\h ut pre 
i ompU tt 1\ 1»\ p tl 


(Closing ) I hIiouM liki to show a 2 minute mom illustrating 
vnlvi This was accomplished bet nisi wt were able to record tin.-* 
sun pittern in the lorta and to know that the lift vi utricle '' u 
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(Movie') This is a bv pass of the left ventricle A suction cannula is in the left 
atrium, having been placed into it b\ \va\ of the superior pulmonary vein, and the out 
flow from the pump is into the aorta bv wav of the left subclavian artery A clamp has 
been placed at the base of the left atrium which is between the suction cannula and the 
mitral valve In a moment you will see the mitral valve and, through it, into the ventricle 
which you see does not contain blood. If we open the base of the atnurn when there are 
still ventricular beats m the pressure pattern, there will be not only a great hemorrhage but 
also air will be sucked into the pump and death of the animal will quickly occur IVe can 
see some motion of the mitral valve but this is in direct relation to the heartbeat itself 
and we have not been able to demonstrate independent motion of the valve itself 



TECHNIQUE OF PRODUCING MITRAL STENOSIS OF 
CONTROLLED DEGREE 

Robert G Ellison, M D , Robert C Major, M D , Raymond W Pickerinq, 
MS (by invitation), and Wm F Hamilton, Ph D (by invitation) 

Augusta, Ga 

A PRACTICAL technique of cieatmg mitral stenosis foi expenmcntal stuch 
has long been consideied necessaij' for better understanding of the disease 
as it oecuis clinically In 1902 Sn Laudei Bumton 1 suggested the feasibility of 
suigieal collection of tlus ciippling disease, emphasizing that such a procedure 
depended upon masteiing of ceitain technical details The development of these 
skillful suigieal techniques could only be accomplished m the expelimental 
laboiatoi} Dining the following jcal’s, manj linpoitant contilbutions were 
made by Bcinheim,- Allen, 3 Cutlei, 4 Wilson, 6 Powers,® Katz, 7 Shaw, 8 and 
Connolly 9 in then attempts to pioduce nutial stenosis evpeninentally Although 
the lesults weie m general unsatisfaetoiy, significant obseivations were recorded 
Diveise methods to pioduce a nail owing of the initial onfice weie devised and 
used with vaiymg degiees of success These included placement of sutures 
across the initial onfice eitliei above or below the coionaiy lessels, transplanta 
t on of pencaidium 01 fascia acioss the \alve onfice, and tiaumatization to the 
valve leaflets with simultaneous inoculation with \nulent cultures of strepto¬ 
coccus undans Connolh lecenth reported encouiaging lesults He placed 
sutuies below the coionan \cssels m such a manner that they encircled the 
choidae tendinae so that dunng sistole the valve leaflets closed without rc- 
guigitation but dunng diastole the sutuie was sufficiently tight to produce a 
stenosis Main ot these animals died within a few days fiom acute pulmonarj 
edema but he thought that a significant numbei sumved f oi a leasonahlc 
penoil ot .studi 

Now that the stenosed valie can be successfully attacked singicalh 
(Ilaikm 10 and Baile.i"), it is of even gieatei lmpoitance that the disturbed 
dj nannes in the disease be bettei understood The mechanism of pulnionari 
edemu, once thought to be simply on the basis of back pressuie, needs further 
danhcation Anahsis ot the fuctors which pioduce an increase m the P«' 
monan bed lesistanci is gieath needed These problems can be studied onl) 
in the c\peinnental aninml with chronic nutial stenosis and back piessurc 
existing o\or a penod of mam months 01 years The present study is an 
attempt to pioduce such an e\peinnental animal 

Vu t ruitn°Go! hL Dcpart,, ' l - ntli of Thoracic Surgerj and Plwsiolos} Medical College of Georgia* 
National 1 b> fr ° m The Llfe Insurance Medical Research Fund and The 

-ur JrV D Olas' t Jif M ,”"’1 m" U ' of Th >- 'rncrican Association lor Thoracic 
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METHODS 

The earlv attempts involved the passage ot a small meteial catheter around 
the base of the mitral valve This was accomplished by inserting the catheter 
beneath the epicardram just above the eoionarv vessels, gentlv advancing it 
until it encircled the valve A heavy silk suttue, tied to the end ot the catheter, 
uas then threaded around the base ot the valve as the eathetei was withdrawn 
Later a flexible probe which could be manipulated moie easih was substituted for 
the eathetei A smooth stenosis at the base ot the mitial valve (Fig 1) was 
thus accomplished, but serious hemonhage occuned m approximately 50 pel 
cent of the cases In older to minimize bleeding and simplify surgery, a long, 
straight, round needle threaded with silk or nvlon, was mseited through the 
heart from the postenor aspect, passing just to the right of the inteiatrial groove 
and just above the intern entricular gioove Each end of the suture was anclioied 




liir 1 


—Mitral atenosi* produced by advancing ureteral 
ary edema and death on third 


catheter around base of \al\ 
postoperative da> 


e 


pulmon- 


atttenoik m the epitaidium just above the coronalj vessels Ligatuies so 
p aced were tied tightly enough to distend slighth- the lett auuculai appendage 

d rirT b e t ° l dctcrml,ie the P™P el degiee of stenosis, howevei, and the 
dogs either died with,n a tew horns to a tew days from pulmonarv edema or 
e wined elmnalh well mdefiniteh Autopsv ot the dogs leiealed a smooth 
s c.osls at the base ot the valve with little ot no distort.on ot the leaflets ‘ 

- z :: t \ rr ** *• 
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just anterior to the phrenic nerve and held open by means of ti action sutures. 
Another traction suture of fine silk is placed m the apex of the lieait The 
index finger of the left hand is placed between the pulmonaiy aiteiy and the 
left auricular appendage and then advanced posteriorly until it indents the 
medial wall of the light atnum As the heart is displaced out of its pencardial 
bed, the left thumb indents the lateral wall of the light atnum so that the 
index finger and thumb appioximate the atrial walls A No 20 gauge needle, 
into the end of which a steel wire has been previously anchored and tin eaded 
into nylon tubing, is then inserted through the walls of the right atnum passing 
just to the right of the interatrial gioove and just above the A-Y groo\e and 



tip 2 pro.\\lng Illustrating relationship of suture to base of auricular appendage ^ 
coronary \ easels. Inset at left indicates passage of suture through right atrium Lower ln^ ei 
illustrates needle 


cmeiging anteriorly at a sinulai position Each end of tins sutuie has been 
pienously prcpaied with a needle and is anchoied in the epicardium just above 
the coronalj icsscls The sutiue thus occupies a position at the base of tl' c 
mitral \al\c (Fig 2) Contiolled nail owing of the mitial onfice was produced 
ns follows Instead ot tjing the sntuie as had been done in the past, it is passed 
tluough a cannula whose laige, flat head is affixed to the chest wall sub¬ 
cut ineonsK and whose cuidiac end pie\ents displacement of the lieait as the 
ligature is tightened at a latei date (Fig 3, A and B) The animals tolerate 
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this operative procedure w ell No difficulties were eucounteied ±10111 the stand¬ 
point of fibrillation and seldom was theie significant bleeding Occasionally 
bleeding occurred at the site of passage of the sutuie into the Mali of the right 




in 3- 


"' rts * aus ana-. — 
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atiium posteiolateially and m these cases hemostasis was easily accomplished 
by a figuie of eight sutiue of Deknatel No 5-0 In the eailiei cases, angiostonn 
cannulas, which have pieviouslv been descubed (Hamilton 12 ), weie placed upon 
the pulmonaiy aiten and the pulmonaij vein so that the piessuies could be 
lecoided snnplj by the inseition of long needles into the vessels tlnough the 
cannulae Because of the high incidence of infection associated with this large 
quantity of foieign matenal, the use of the angiostomy cannulae has lecenth 
been abandoned and piessuies obtained by means of caidiac cathetei ization. 
Aftei the animals have fully leeoveied fiom the opeiative pioceduie, usualh 
fouiteen to twenty-one days, they aie piemedicated and anesthetized m the 
same mannei A 1 cm incision is made dneetlv ovei the head of the cannula, 
the wne sutiue exposed and tightened, the sutiue being maintained in that 
position bi means of a silvei clip 

In some of the eailiei eases the pulmonan capillaiy piessuie was used as 
n guide to deteinnne the piopei degiee of tightening It was discoieied, how 
eiei, that it the mitial onfice was nanowed sufficientlv to pioduce a significant 
elevation m capillaiy piessuie, the dogs would not toleiate tlus degree of narrow 
mg and would pioceed rapidly into pulmonan edema and death Consequent!! - , 
moie lecentlv the degiee of nail owing has been detei mined by palpation of the 
femoial aitenal pulse and the wnes tightened until tlieie is a peiceptible change 
in volume oi late The sutuie is usualh shoitened m the lange of I cnL ** 1C 
hist time A smooth stenosis is thus pioduced at the base of the initial iahe 
causing no intcifeiencc with closure of the valve leaflets The opeiatne mor 
taliti is minimal and the sutuie has been accuiately placed in 95 pci cent of the 
eases 

RESULTS 

By means ot tins technique chionic initial stenosis has been pioduced m 
ten dogs that have simived two and one half to seven months In one case 
the sutuie was nnpiopetlj placed and pnitially occluded the tiicuspul oiific e 
All but one ot the lemanung mne animals developed chionic heait failure 
Some weie autopsied at vamng lengths of time, some weie allowed to go 
downhill and to die fiom heait tailiue aftei a penod ot obseivation of sc't‘ rl 
months mil otheis weie maintained m a state ot clnonic heait failure b' 
loosening oi tightening the sutuie when necessaiy By this means the stenosis 
could be contiolled and the animals maintained in a state of cluonic faihuc m 
definiteh No attempt, howmei, has been made at this time to maintain a dog 
longu than scuen months It was found that it the initial onfice is nano" 11(1 
siuldenh to within the innge ot 1 cm m diametei, the dogs dmelop piihnonar' 
edema ind usualh die within a tew dais On the othei hand, it the oiific els 
nanowed giaduulh o\u a penod ot smeial weeks, the dogs easih tolerati 
a stenosis ot 1 cm m diametei without am difficult! It is estimated that 3 
mitral oiihu ot > to S nun in diametei, pioduced b\ giaduulh liaiiowing the 
onhci oui i pc nod ot smeial months In slioitilling the wne sutuie on twoo r 
preferable thin ouasions will maintain a dog in a state ot chionic failure 
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These dogs deielop ascites aud edema ot the lower extientities at varying 
periods alter tightening In some cases the onset ot iailiue deielops inthin a 
week and, it it seems to he piogiessing tapidh, then the siittue is loosened 
shghth It has been necessaij toi numerous paiacenteses to be done, five 01 



1 1 Phonoeardlogram ol Dog No 75 showing murmur in earl> diastole six weeks alter 

UgEVewtag ol swore. 
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six liters of fluid being lemoved fiequently The dogs have toleiated this state 
of chionic failiue remaikably well The niaiked ascites seemed out of propor 
tion to the limitation of activity In one ease ascites developed one week after 
the first tightening and cleaied spontaneously, only to iecur seveial weeks later 
and persist 

A.. 



B 

Fig 6 Photograplts or Dog No 59 The abdomen is markedly distended with fluid and the lo ffC 
extremities are edematous fl\e montlis after tightening 1 of suture. 

In all cases a diastolic muiniui has been audible In most cases the murmur 
could be picked up by phonocaidiogiaphy (Figs 4 and 5), but occasionally t,lC 
murinui was so sott that it could not be lecoided It is noted that the muiniur 
is usuallv m eaih oi mid diastole but ne\ei in a piesjstolic position as is heard 
climcalK 

In tegard to the dynimics of the pulmonaij cnculation, it was observed 
that ni all cases the degree of lieait failuie seemed out of proportion to the 
amount oi elevation in the capillary and pulmonaiy artery pressures 
none of the dogs developed significant elevation in jugulai venous pressure, 


ELLISON ET AL - 

hihtr of some mechanism othei than back pressure 
thus suggesting the possibili Xo 59 su wned for a period of 

to produce the picture * failure with massne ascites and edema 

seven months m a state ot chi' Pulmonai-j alters pressures in this 

of the lower extremities ( ig > e inserted mt0 a cannula previously 

case were recorded by means o period ot tulie the highest recorded 

placed on the pulmonary artery ^ Rg , and nght ventricular pressure 

beto death tte dog had a massne hemoptvsat, 
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Fig 7—Photograph of mitral \al\e from the auricular aspect (Dog Xa 66) Stenosis 
present for four and one half months- Xote smoothness of stenosis and rim of flbroals on proxi¬ 
mal margin. 


amounting to approxiniatelv 250 c e ot fresh blood. On the day of death 
catheterization mealed a capillars pressme ot 15 mm Hg At antopsi the 
mitral onfice was found to be T mm in diametei and adjacent to the suture 
a fibrous ring was lorming on the endocardial suiiace The \al%e leaflets were 
unimohed and when water was injected under pressure into the left ventricle, 
the \ahe leaflets closed without evidence ot reguigitation The right ven¬ 
tricular wall was mere ised to about twice its usual thickness The dog died m 
unite pulmonun edema so that the right ventricle and right auricle were 
murhedh distended and all \iscera were marhedlv congested. 
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Do- Xo 66 Mas killed accidental at the end of iom and one-haH months 
after nan owing ot Ins mitral oufice Xo evidence ot ascites eloped m this 
dog but he had a pulmonaiv arteiv piessuie ot 30/10 mm Hg vatli a capilla j 
pressure ot 10 nun. Hg and nght ventneulai piessuie ot 30/0 mm l - 
autopsv the initial onhee was approximately 4 mm and it is obsened heie 
that a ring ot fibrous tissue developed opposite the suture on the endocardial 

suitace (Fig 7) , . 

Dog Xo 74 developed endence of acute congests e lailuie on the second 

daj attei his uutial oiifice was naitowed The sutuie was loosened and he 
seemed to recovei from his heait taihue hut thiee weeks latei began to 
develop asutes and edema At this time catheterization revealed a eapdlan 
piessure ot 10 mm Hg pulmonaiy aiteiy pressuie ot 30/12 nun Hg and nght 
\entneular piessure ot 30/0 mm Hg Foui liteis ot ascitic fluid ha\e been 
remo\ ed on tbi ee occasions This dog has a sott, mid diastolic iuunnui He lias 
been in a state ot chrome tailure tor three and one-halt months and, in spite of 
the maikedh distended abdomen, is aetne at the piesent time (Fig 8.4 and 
B) Recent cathetenzation levealed no sigmfieant change in pressiues 

Dog Xo 75 developed ascites one month attei nan owing ot the mitral 
onfice Tluee liters ot fluid have been lemoved twice and two and one-halt 
months atter nan owing ot this valve he has a puliuonan capiUarv piessuie ot 
la mm Hg, pulmonarv artei\ piessuie ot 40/16 nun Hg and light ventneulai 
piessuie ot 40/4 mm ng 

Dog Xo 76 was tightened on two occasions and thiee weeks attei the second 
tightening he dm eloped endence ot ascitic fluid He then went piogressnelv 
downhill and w hen it seemed as it he were dying in chrome failure, the wn e was 
loosened slightlv This was iollowed bv niaiked unpiovement m lus geneial 
londition and since then he has been aetne with a markedlv distended abdomen 
Catheterization at thiee and one half months attei the initial hghtenmg le- 
'ealed capillaiv pressuie ot 15 mm Hg a pulmonaij artery piessuie ot 33/15 
mm Hg and right ventneulai piessiues of 30/0 mm Hg 

All cases weie studied by electioeaidiogiaphy In one case (Xo 59) 
there was elect)oeaidmgtaphic endence ot light ventricular strain (ischemic 
changes) which persisted to the time ot death of the animal 

The complications ot this technique have been minimal In one ease a 
thrombus of tairh laige size developed around the suture m its course thiougli 
the right atrium so that the tricuspid onfice was paitially occluded 




lurthei studs is neeessaiv m older to adequately evaluate pioblems that 
havc arisen m connection with this technique Although no endence ot coronal v 
damage has been detected to date, eventnalh evidence ot mvoeaidial ischemia 

dam of “h i l V r ° taUll0glam - These d0 ^ need to he maintained m a 
date of chrome taihue ovu a much longei period ot time m older to adeouatelv 
evaluate the ulect ot elevated hack piessuie on the nnin ^ la elj 

Additional studv is necessan also to Anther clamv the eiTT f ^ 
tailure in the presence ot minimal elevation ot Lk prLuie ^ of 
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SUMMARY 

A technique ot pioduung cluorne initial stenosis ot contioiled degree in the 
experimental animal has been described This technique has satisfactorily pro¬ 
duced the picture ot chiomc mitral stenosis simulating the c lini cal picture of 
this disease in man Furthei studies aie neeessaiy in ordei to elucidate some of 
the obseivations recorded 
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DISCUSSION 

DR OTTO C BRANTIGAN, Baltimore —Dr Sun Penton and I have worked on the 
problem of producing mitral stenosis After trying many methods without success it 
found that rubbing ground glass in No 2 plain catgut suture would produce stenosis if the 
suture uere passed through the valve leaflets Tl.e valves became contracted and scarred with 
definite excrescences and there was definite narrowing of the valve orifice 

DR ELLISON (Closing) I uould like to thank Dr Brantigan for his comment* 
Some of the problems that have ansen in connection with this technique still have to he 
clarified. Whether or not this nm 0 f fibrosis that is developing at the site of the stenosis 
will interfere with later control of the stenosis we do not know Since the fibrosis ma' 
not develop until four to six months after the valve has been narrowed it may be that the 
animals will be compensated by that time and will be in a state of chronic failure, so 
that further control of the stenosis will be unnecessarv 



-OTfalCXE APPBOACH FOE STENOTIC 

LENAR VALVES BY EXCISION AND CUSP REPLAGBilENT 
ELDER DIRECT VISION 
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S TENOTIC lesions of the pulmonary and aortic valves possess certain in- 
tnnsic anatomic, pathologic and physiologic similarities. 

From the standpoint ot construction, both are semilunar valves and both 
completely depend upon their lateral attachments to the vessel "wall for sup¬ 
port 

Pathologically, both lesions present the familiar picture 01 thickening, 
commissural rusion and fixation of the semilunar cusps with a small central 
ostium. The valve in most cases of pulmonary valvular stenosis, although firmly 
fixed, is inclined to be a thin, domelike structure In older patients, hoivever, a 
thicker and more rigid valvular structure is sometimes seen. 

In rheumatic aortic stenosis, the inflammatory process produces conglutina¬ 
tion ox the adjacent cusps at the commissures as vrell as thickening of the cusps 
themselves IVith organization and sea nil canon, the cusps become ngidly fixed 
and rosed. Ouen, retraction and severe deionmty of the cusps result in asso¬ 
ciated 2 ortic regurgnation. 

Thus, the primarv physiologic problem in both cases is an obstruction of 
ventricular ejection. Experimental data 1 and clinical observations indicate that 
little alteration ot the circulatory dynamics occurs until the outflow tract is re¬ 
duced to approximated one-fourth its normal size 

This is readily explained by an analysis oi the tactors involved in the 
expending ot the mechanical energv ox the heart Br jar the greatest single 
lamer m nnutardial v ork is the energy required to eject a definite volume 
ox Dlood from the ventricular chambers against a peripheral resistance A 
second ’.actor is the energv required to impart velocity to the blood stream. 

Ordinanlv, calculations ox myocardial work neglect the velocity factor 
aince it is turned that it constitutes but a verv small part of the total work 
01 the he-rt Normallv it amounts to onlr 1 or 2 per cent However, in the 
pr«ence oi a stenotic lesion, mterierence .nth the ability of the ventricle to 


lor Tborzcl 
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impait velocity to the blood results 111 an mciease in the velocity factoi so 
that it may use upwaid to the magnitude of 50 pei cent of the total work ol 
the heait- 

Until theie is maiked obstiuction of the valvulai onfice (approximately 
75 pei cent), mcieased velocity flow leadily compensates foi the stenotic lesion 
with only a small mciease in caidiac woik With moie maiked obstruction, 
maintenance ot caidiac output by mci eased velocity flow lesults in a maiked 
expenditure ot myocaidial eneigy, a situation which eventually results m 
caidiac failuie 

Fig 1, adapted fiom Evans, 2 graphically lllustiates the effect of senulunai 
stenotic lesions on myocaidial woik The velocity factoi, at fiist negligible, 
lapidly outsti ips the lesistance factoi 



INCREASING DEGREE OF STENOSIS 


Fig 1—Curecs showing the effect of Increasing degrees of stenosis on the velocity factor of 

myocardial work. 

Thus, what is lequnecl is a return, to a higher efficiency aiea seen below 
the cntical point ot obstiuction (appioxiniately 75 pei cent) With this at 
tomplished, the cnculatoiy d\namics will have letiuned to a point at which 
the veloutt tactoi is again small so th.it the total mvocaidial woik will be 
maikedh diminished 

Because ot the basic siimlauty ot pulmonaiy and aoitic vahulai stenosis, 
any tonsuleiation ot suigital theiapy toi one lesion would toiiespondingl' 
suggest a method of appioath toi the othei This indeed has been the case 
The purpose ot this communication is to piesent an appioath which is belitied 
to sin mount the pathophysiologic pioblems associated with both lesions 

Hit technique consists ot lescction ot a pulmonaii or aortic cusp and 
tabular lcconstitution b\ oigamc cusp piostheses and homogiaft cusps 




1JESI0NS OF SEJIIEUXtR \ VLVES 
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litwvk et AE STENOTIC LBUUNS u £ --'•■ - 

. t nt taotot in these pioeeduies has been the design ot lustiu- 

1 wTneimit lesection ot one-thiid ot either the pulmonaiv 01 the 
Tine wive (on, cusp) uuder direct vision Intennptiou o£ the cnoukt.on 


is not necessaiy 

PUEMONARN \ \LVULAR STENOSIS 

The first attempt to treat pulmonary valvulai stenosis a as made by Doven 
m 1913 3 He attempted to cut the valve bv insertion of a tenotomy knife into 
the right \entricle The patient survived the pioeedme but died a few hours 
postoperatn eh Xecropss demonstrated a subvalvular lathei than a valvulai 


stenosis 



Fit 2 —Instrument used for pulmonary cusp resection and replacement. 


Following this, tlieie was a hiatus of ovei 30 a ears until the entne field 
ot congenital lieait disease was icopened bv the monumental report of Blalock 
and Taussig* in 1945 The ingenious aortic-pulmonaiv arterial shunt of Potts, 
bnnth, and Gibson 5 soon followed Fmalh, m 1948, Sellers' and Brock" both 
nported suceesstul dneet attacks on the stenotic puhuonaiv valve bv valvulot- 
om\ ltccentlv, expertmeiitaP and ebmeal attempts 0 hav e been made to cai r\ 
out pubnonarv v ah ulotoim undei dueet vision bv means of temporarv occlusion 
ot the circulation 


It is ehn tint suigcn done under ducct \lsioii is tai supenoi to that 
< mu bhmils Kijnalh desuablc is an uninterrupted circulation It has been 

povsihh to attack the pulmonarv sahe with an instrument which accomplishes 
hi i ov ibese lupnsms (Fig 2) It consists essentialh of tluee parts The first 
a co mLX sohd haffic bituated above tins is a convex tenestiated frame whmh 
° thL bdflk whui t,w * l <*kcd The third component is a con- 
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cave cutting edge wlucli dnectly undeihes the baffle m a tunnel, as illustrated. 
Advance of the cutting edge is limited to a distance of one-lialf inch When not 
in use, a spring mechanism (not shown) letains the cutting edge under the 
baffle 



Technic of Pursestring 
Suture 

Fie 3 —For description see text 



FIs' 1 —For description seo text 
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AIETHOD 

iloagrel dogs were used, varying in weight from 7 to 15 kilograms Intravenous pento 
barbital sodium was used to obtain anesthesia. Intermittent positive pressure insufflation was 
administered through an endotracheal tube 




fie s —For description 


»ee text 
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Tho cheat was entered through the left fourth intercostal space and the pericardium 
overlying the right ventricle was opened widely Marsupializmg tho freo edges of the pen 
cardium improved the exposure A purse string type of suture of 0 braided silk was then 
placed approximately 1 5 cm from tho valve ring (Fig 3) Both free ends were fed 
through a small glass tube Wo have found that this method permits instantaneous homo 
static control and eliminates the necessity of having two assistants cross stay sutures, with 
the confusion and blood loss coincident to tins maneuver Sharp pointed Adson scissors were 
gently pushed through tho myocardium between tho purse string suture and an incision 
approximately 1 5 cm long was made The baffle and its underridmg semilunar cutting edge, 
having previously been moistened with heparin, was quickly introduced mto the ventricle and 
the purse string suture tightened The baffle was then advanced until the approximate level 
of the anterior cusp of tho pulmonary valve was reached (Fig 4) At that point, the con 
cave euttmg edge was extended past tho valvo mto the pulmonary artery and tlion retracted 




41c 7—Technique of excision of pulmonary cusp prior to replacement with homogrnft cusp- 
Illustrations drawn from pulmonary arterial aspect 


under the baffle which, in turn, was ndiuuted past the valve In Fig 5, a b, and c illustrate 
these steps as viewed from the pulmonary arterial aspect Naturally, in the absence of 3 
valvular stenosis m the dog, the use of the concave cutting edge wns quite unuiLcs-arv l* 3 
chief value, however, lie-- in the familiarization of the operator with conditions ns they ^ 
seen in the human being Fig 6 illustrates the final position of the instrument The pui'C 
string suture was tightened ami secured by means of n transverse glass rod and heiuostnt, ai 
shown With the clamp locked, the anterior pulmonary i usp and its overlying pulmonary 
arterial wull were effectively interposed between the undcrlymg lmfflc and overlying fenestrated 
frame Thus, the baffle ere ited an artificial wall in the conus irea which permitted excision of 



UTW VK ET VTj. STENOTIC LESIONS OF SEMILUX 4K I VLtES 


171 


the cusp under direct usion By Mrtue o£ its convex shape, it closelj conforms to the 
lunnnal curie of the conus so that the outflow tract is unobstructed with the instrument in 
situ 

The precise technique of cusp excision varied with the two basic methods of cusp re¬ 
placement employed 



, ,, FI# 8 - Technique of suturini 
tlonlne 3Uperlor con 'niissural poinb 


homograft in 
of the donor 


and Ce iot^l\° sta> sutures l>a\e been placed 
and lateral cusps to insure accurate posl- 



Hff J - 


-Trlmnicd aortic cusp homograft. 


' ^ cusn . _, . 

11.0 first method of pu(lnoll ln P C 80rtlc " a " 

' u,np homoLruft^ tm,- replacement \\ tlm 

-I'l,.',;; 1 ttTXT, ~ r c “ p ™ ••.»» 

U ;i '■ a nJ, nn.ih, tc .Jp -n'"\' n ° f art cria l U 1<h the Cusp 

' . 
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An important point in the accurate positioning of the liomograft cusp was the placmg of two 
stay sutures on each sido of the donor cusp at its most superior point By visualizing the 
superior commissural points of the lateral cusps of the recipient and placmg sutures at those 
points, the graft uas placed m exactly the proper position It is imperative that the 
superior or lunular edges of the cusps meet exactly If they do not accurately coapt, re¬ 
gurgitation a ill be the inevitable result Failure to carry out this technical point initial!) 
resulted in faulty placement and subsequent diastolic murmurs m a number of our animals. 



Suture Plate 

Fig- 10 —For description see text 




\ 



Hi, 


11 —Trimmed pulmonno cusp hornograft (retouched) 
of eusp B cusp (supported b> black paper) O, 


1 Lip of myocardium below ba3e 
pulmonary arterial wall 
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^,««-»^ 9 >/r r 4 ,:. 

-™. * »•“ r ™ «•« « be a "“ r,g 

since it lies m clo=e proximity „ e 0 f cor k which is mounted 

10 illustrates the trimmed sraftCeusp^e^up) P arterial silk ivere taken in 

!™ S“ .Th .Tteml .Jl completed .be too (F,| P 

The clamp was then removed and the ventricular incision closed with several intermp 
sutures 





h, *L 1 r. —All.tbo.I of prcparu Ion of the organic cusp proslhesea. \ Aortic ellipse Kine- nn roori 
cardlom B pericardium sutured to intltnul margin of aortic gt4ft, C com‘ilrttl protthM^ 

A simpler technique was possible with the use of pulmonarv valvular homografts. The 
donor cusp was prepared so that a lip of mvocardium was left below the base of the cusp 
( ig 11) Therefore, it was possible to rapidlv suture the graft in with a continuous type 
or suture c\en in tho.c areas close to the cusp 

The s !"°° a m j thod of pnlmonarj valvular restoration is the creation of an organic cusp 
prosthesis fashioned from autograft pericardium and a homograft segment of aortm ^lf 
ig 1- illustrates the basic steps m the preparation of the prosthesis The nm-f 
to form an cllip-. having shghtlv more length than one h^f of Th e2l7f > ^ 

LLluing'thcsc^^o^miasuri^nts,*^Imth^o^ which were 1 r^dd ^ ^ ^ 
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monary valve The adventitia of the aorta was now stripped aw a) A portion of pericardium, 
free from fat, was then resected and pinned to a board with tho serous side down The aortic 
ellipse was placed on the pericardium with the intimal surface of the aorta exposed A run 
ning suture of 00000 arterial silk was employed to suture the pericardium to the margins of 
the intimal surface of the aortic graft and the knot buried between pericardium and aorta. 
The excess pericardium was trimmed as necessary The completed organic cusp prosthesis 
posessed a serous pericardial surface (autograft) and an intimal (homograft) surface 

Fig 13 illustrates the various steps in excision of the anterior pulmonary cusp and 
replacement by the organic cusp prosthesis A transverse incision was made approximately 3 
mm distal to the annulus This placed the incision slightly distal to the lunular edge of the 



Fie 13 —Excision of anterior pulmonary cusp and Insertion of organic cusp prostheda 
(viewed from pulmonary arterial aspect) 

A Transverse Incision distal to annulus revealing underlying bailie and anterior P u 
monary cusp 

B Cusp excised and proximal half of horizontal mattress sutures in place 
C and D Sutures fed through perlcaidium and distal lip of Incision 
E Organic prosthesis Interposed between pulmonary arterial wall and baffle. 

Cusp Prosthesis 



Ht li—Cusp prosthesis drawn from pulmonary arterial aspect. Ilhisfmtlm. method of 1“ 
soring competency by bolstering effect of Sn^ccted cSm. 
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3 a horizontal mattress sutures of 

cusp .Inch was then readil> ^ “"both ends were begun on the proximal lip of 

arterial silk with atraumatic needle*swag pencardium of the graft approxi 

the incision (Fig 13B) 'L then through the distal Up of the in 

uiatelj 1 mm from the e ge o autnrea the prosthesis was easily pulled into place 

cision By grasping the distal ^^of the sutures, Jhe p^ ^ ^ (pjgl3E) The 

«T Saw ««rn, P .ri .»!«» P>*~> “ 

0,e r — 

irs —v»“» s —.—- «— ct ”" rf,,,ely 

from behind by the lunular edges of the two remaining cusps (Fig If) 


>' 
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.1 ■ 
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Cutp ProSttlUif 
m Place 


Homo^raft Culp Sutured 
m Place 



Ha 13—Illustration showing homogruft cusp and cusp prosthesis at completion of operation 

second point of importance is the necessity of leaving a margin of approximatclj 
l niuu Ih tween the edge of the aortic ellipse and the point of entrance of the sutures into 
the pericardium Vn inadequate lunging motion of the prosthesis will occur if the sutures 
lire p.L-M-d too close to the ellipse Thus, there will be some obstruction to systolic ejection 
On the Other hand, too great a distunee will permit twisting of the prosthesis on the pen 
eardi il pellicle with resultant ri gurgitation 

i<u lo Illustrates the homecraft eusp mid cusp prosthesis at the completion of the 
io 11 


Tltflie 




\0RT1C STENOSIS 

rht hiNt attempt to correct aortic stenosis surgically was made m 1912 bv 
It was ins desire to divide the aortic tahe with a knife bv enterin'" 
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the aorta just above the valve ring, but lie thought that sufficient evperimental 
data to warrant clinical application weie lacking Theiefoie an attempt to 
dilate the stenosed valve was made by invagination of the aortic wall into 
the ring of the aoitic valve The patient suivived and was reported to be 
still living in 1920 




Flu 1G—Instrument used in aortic \alu resection and replacement 

The late Di Hoi ace G Smithy earned out extensive experimentation 
with tiansaoitic and tiansventnculai aoitic valvulotomy 11 12 

Recently, Bade} and associates 13 have deseubed both a tiansaoitic aud 
tianscentuculai method of \alvulai dilatation and tiansventnculai vuluilot 
omy 

AYe have attacked the aortic valve utilizing the same appioach of cusp 
excision and replacement as was earned out on the pulmonaiy valve 

Pig 16 illustrates the lauous components of the instrument utilised i» 
aortic cusp lcsections The basic punciple is unchanged from that seen previ 
ousl\ in the pulmonaiy instrument As betoie, theie aie three basic elements. 
The lust is a com ex solid baffle which is lmimed with an elevated marginal ridge 
The importance ot this ndge will be hi ought out latei Dneetly underlying the 
baffle is a concave cutting edge winch is tunneled through the arm pioximal to 
the baffle Extension ot the cutting edge is limited to one-half inch and it ^ 
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R Auricular Appendage 



pip 17 —Purse string suture applied at base of right auricular appendage. 


METHOD 

The cheat was entered through the right fifth intercostal space The sixth rib was 
dtttdul anteriorly at its costochondral articulation The pericardium was then opened 
widely retelling the apex of the left ventricle, the lateral aspect of the nght ventricle and 
the ascending aorta, a large part of which is hiddea behind the right auricular appendage 
The free edges of the pericardium are mareupialized to improve exposure A purse-string 
suture of 00 braided silk was placed at the base of the right auricular appendage (Fig 17) 
Because of the proximity of the sinoatrial node to the purse string suture, transient arrbyth 
mins were often noted at this point but these were inconsequential The appendage was then 
amputated, immediately bringing into view practically the entire ascending aorta A purse- 
string suture of 0 braided silk was then placed in the apex of the left ventricle and the ends 
passed through a glass tube, as described previously An incision, approximately 1.5 cm long, 
was then made by sharp pointed ms scusore between the sutures The convex baffle, the first 
lulf of tho aortic clamp faith its attached semilunar cutting edge) was rapidly inserted into 
the left \eutncle (Fig IS) The pnree-stnng suture was then tightened and secured m the 
■•ame manner as was done with the insertion ot the pulmonary instrument The second part 
of the clamp (the fenestrated frame) was then placed over the area of the posterior (non 
coronary) cusp of the aortic valve which directlv underlies the posterior sums of Valsalva 
The clatnp was maintained m this position by an assistant The convex baffle and cutting 
islgc were then carcfulh guided along the interventricular septum toward the posterior cusp 
is outlined by the fenestrated franu Vs the level of the posterior cusp was approached the 
M.tmluuar cutting edge was advanced until the baffle had passed through the valve nng ’xhe 
cuttiDg edge was theu permitted to retract under the baffle. The two parts of the clamp 
were then slipped together and the wing nut applied The damp eras then locked, impumme 
ih. podenor aortic cusp and its overhmg wall between the baffle and the fenestrated frame 
t> ig 13) The cusp mar now be excised under direct vision. 
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Both aortic cusp liomograft3 and organic cusp prostheses have been utilized in re¬ 
constitution of tlio aortic valve During early pilot experiments m which cusp prostheses were 
inserted into the aortic valve, it was found tiiat the aorta lias held so tightly between the 
baffle and fenestrated frame that attempts at slipping the prosthesis between the aorta and 
the baffle always resulted in tho aorta bemg torn. Therefore, the marginal ridge was added 
to the instrument. This had the offeet of depressing the central portion of the baffle and 
thus provided a slot mto which tho prosthesis could readily be inserted The details of each 
technique are precisely the same as those described previously in pulmonary cusp replacement 
In insertion of the aortic cusp homografts, it was not possible to align the lunular 
edges of the cusps This was due to the fact that correct insertion of a liomograft cusp re¬ 
quires not only removal of the cusp itself but excision of several millimeters of tissue pronmal 
to the base of the cusp to offset the marginal bit of tissue winch must be left for suturing 
purposes below the base of the cusp to be (grafted Therefore, it was necessary for the 
instrument to provide visualization of as much as one half centimeter below the base of the 
cusp This provided no problem in insertion of homograft cusps mto the pulmonary valve 
since no vital structures lie proximal to the anterior pulmonary cusp However, attempts 
to visualize the area below the base of the posterior aortic cusp resulted m impingement of 



INSERTION OF 1ST HALF OF CLAMP 
WITH CUTTING EDGE 

Fig 18 —For description see text. 

tho interventricular septum by tho instrument at a point almost directly overlying tho atrio¬ 
ventricular bundle Secondlv, severe deformity of the right atrium occurred with tins nmneuvir 
and right ventricular filling was unpaired Almost immediately, a severe bradycardia or 
bizarre arrhythmia occurred aud this was followed by ventricular fibrillation or cardiac 
arrest 

No such problem was encountered in insertion of organic cusp prostheses into the 
aortic valve since visualization of the cusp alone is required Using tins teclinique, no 
suturing was required at the base of tho resected cusp, all work being done nt the site of 
the lending (lunulnr) edge which could be readily visualized and isolated The completed 
procedures are illustrated in Fig 19 

RESULTS 01 PULMON YRY CUSP REPLACEMENT 
Tlmty one animals weie subjected to pulmonary cusp replacement The 
results ot these operations are shown m Tables I and II Twenty two homo- 
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giaft cusps and 9 oigamc cusp prostheses have been inserted Theie weie foui 
opeiatue deaths Three of these wei e from hemorrhage and one fiom ven- 
tncular fibrillation There weie an additional three deaths due to atelectasis, 
two from distemper and one from cerebral anoxia due to mechanical failuie of 
the endotracheal cuff 
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All homograft cusps of animals who died immediately postoperatnely 
and of Dog 3 (sacrificed at five days) appeared delicate and pliable Valvular 
competency was obseived in each of these animals except Dog 2 In this case, 
the valve had been placed too low The homograft cusps which were m place 
foi longer periods of time weie totally incapable of functioning as competent 
cusps, with thi ee exceptions 



Fib UA—Specimen four months after grafting (Dog 31) Note shrinkage and retraction 

of cusp 



Hb -IK— Photomicrograph of cusp embedded uithln connective tissue and undergoing organ 

lzation (X90) 
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The degenerative process appealed to be one ot initial thickening and 
fixation of the cusp due to fibroblastic proliferation (Fig 20) Later, there 
was marked shrinkage and retraction (Fig 21) The final stage was one in 
which only the slightest vestige ot the cusp lemamed (Fig 22) The micro¬ 
scopic features of tins process are shown in Fig 2L B The cusp was com- 


22 . 




i. tif > - 

t'iOtnL 


fcPtcimtn Un month* after srafUnj. n i t. 
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In contrast to these failuies was the one apparently successful giutt of Dog 
12 (seven months, Fig 23) The giafted cusp appeared thm and delicate and 
did not seem to have undergone any gross change Retrogiade peifusion of 
saline demonstiated competency of the valve Fig 23, B and C shows the 
nucroscopic appearance of the giafted cusp of Dog 12 The lines ot apposition 
shoived minimal chiomc reaction The cusp avas delicate, Avell presetted, and 
AAnthout mflammatoiy leaction or scarring Special stains shoAAed some slight 
loss of elastic tissue but the persistence of a fine netivoik of elastic fibnls within 
the vah e leaflet 


Fig- 23 B 



.211 — Photomicrograph (X10) The cusp Is delicate and well preserved 
re ictlon^or'scrlTlnc htr P °"'' r 1 l,otomicro *r'-»Ph (X90) The cusp Is without Inflammatory 
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Animals having pulmonan cusp leplaeenient with oigamc cusp prostheses 
u ere autopsied ironi three weeks to se\en months postoperativeh (Table II) 
All pio-hheses weie well placed and pieseived Only one val\e was meom- 
petent In this annual (Dog 29), the cusp had been made too small and swung 
ireeh on its peneardial hinge 


Fig 24A 
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Fig 24 shows a piosthesis foui and one-half months aftei mseition (Dog 
30) All the piostheses appealed slightly tluckei than they veie at the tune 
of suigery Micioseopieally, this thickening appealed to be due to the accninula 
tion of mflamniatoiy connective tissue between the pencardium and the aortic 
graft (Fig 24B) The aoitic giafts themselves showed good pieservation 
of stiuetuie 


Fig 25A 



Fig 25 B 


1K Y l P, -j 1 1 Homogroft cusp In aortic \al\e one month alter surgery 
cardboard for photographic purposes) Note poor positioning of cusp 

in^dfnNhl 5 fcIh?n eh P °" er photomicrograph VctRe connective t.ssu 


(cusp supporteJ b > 
surrounds anO ^ 
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RESULTS OF VORTIC COSP REPLACEMENT 

Twentv-one animals were subjected to aoitic cusp leplacement (Tables III 
and IV) Nine homogratt cusps and twelve oi game prostbeses weie inserted 

There weie two operatne deaths, one fiom cardiac anest and one fiom 
hemoirhage An additional t\so deaths oecimed on the first postoperative da\ 
due to atelectasis 

The remaining seienteen dogs weie sacuficed at intei\als \ a vying tioni one 
week to tour and one-half months P 1101 to saenfice, aitenal piessnre tiacmgs 
ueic obtained using a Sanborn eleetromanometer as well as eleetiocaidiogiams 
and phonocardiograms Attei sacrifice, competency was tested by retiogiade 
saline pei fusion undei pressure The autopsy studies eonoborated the fincl- 
ings,seen in the pulmonary group 


T able I Results of Pulmqx Ccsp Replacexiexv with Homograft ( 


CUSP 

SURVIVAL 

PHONOCARDIO 

CONDITION 

INSERTED 

TIME 

gram 

OP CUSP 


Aortic 

Aortic 

Aortic 

Aortic 

Aortic 

Aortic 

Aortic 

Aortic 

Aortic 
Pulmonary 
Pulmonnry 
Pulmonary 
Pulmouan, 
Pulnionan 
Pulmoii ir% 
l’ulnion ir\ 
Puliuuu vr\ 
Puluiim m 

l'ulniL-ji.iri 
Pulmun ir\ 

Pulliam in 

PiillHun.'in 


1 day, 
atelectasis 
5 d iys 


Ojierative death, 
hemorrhage 
1 5 mo 


4 mo, death 
from dis 
temper 

5 mo 


Svstohe 


No murmur 

Svstohe, 
diastolic (?) 

Systolic and 
diastolic 
Svstohe 

No examination 


Systolic and 
diastolic 
Earh svstohe 


Operatiu death, 
hemorrhage 

' mo Svstohe 

1 da\, 
atUectasis 

6 mo Sjstohc 


Operatnc death, 
hemorrhage 

4 mo 

1 "Cits 

1 da\, nnhnl 
anoxia 

I mo 

T necks 

1 hi, 

ileln tasiH 

4 mo 


Systolic and 
dim-tohc 
s i*toln 


S\->tohc 
>o murmur 


Shrunken and 
flbrohe 
Thin and 
delicate 
Thin and 
delicate 
Thickened 
vestigo 


Thickened, 

faed 

Thickened, 

shrunken 


Thickened 
vestige 
Thin and 
delicate 


Thin and 
delicate 
Thin and 
delicate 
Thickened 
vestige 

Shrunken, 

retracted 

Thickened, 

fixed 

Thm and 
delicate 
I estige 
Thin and 
delicate 
Thm and 
delicate 
Thin, 
shrunken 


COMPE 
TENCT AT 
SACRIFICE 
No 
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Tablf II Resuits of Puimonary Cusp Replace mfnt with Cusp Prostheaes 


DOG 

SURMVAI TIMF 

I ItOVOCAKDlOflKAM 

( OVMTION 

Oh CIJSP 

COMPETENCE 

AT SVCRIHCE 

13 

7 mo 

S\stollc 

Good 

Yes 

14 

19 (lays, death from 
distemper 


Good 

Yes 

19 

1 mo 

Sjstolie 

Good 

Yes 

21 

3 weeks 

Systolic 

Good 

Yes 

23 

2 5 mo 

Sjstolie 

Good 

Yes 

24 

6 mo 

No murmur 

Good. 

Yes 

20 

0, ventricular fibrilla 
tion as chest closed 


Good 

Yea 

29 

2 mo 

Sjstolie and diastolic 

Cusp too small 

No 

30 

4 5 mo 

Systolic 

Good 

Yes 


All homogiaft cusps of the dogs who eithei died immediately postopeia 
tively 01 weie sacufieed within a shoit time appealed thin and delicate Cusps 
in place foi longei penods of time appealed shiunken All the giafted cusps 
had been positioned distal to the lunulat edges of the lecipients’ own cusps 
Theiefoie, ineompetency lesulted fiom faulty positioning as well as slmnkagc 
of the cusps in the oldei animals 

Fig 25 lllustiates the typical finding of a pooily positioned posteiior 
cusp in an animal sacufieed one month aftei opeiation Despite the fact that 
the cusp appealed thin and delicate, the photonuciogiaph leveals that the 
cusp is somewhat degeneiated with a thin covenng of active connectne 
tissue which is invading the leaflet Theie is evidence of peisistence of 
neciotic tissue 

Animals having aoitic cusp leplaeement with oiganic cusp piostheses were 
sacufieed at intei vals between one week and torn and one half months (Table 
IV) All piostheses ueie well positioned Competency was obseived in all 
animals except Dog 4 Clinically, the animal appealed listless almost im 
mediately attei opeiation and was sacufieed twenty-one days latei lExamina 
tion levealed that the aortic wall was fiagmentcd duectly oveilying the pros 
thesis and that a pelf(nation had oeeuued into the light atiium with the ciea 
tion of an aoitoatual hstula The cusp was o\ei lying the fistula and was covered 
with a thiombus 


Tvbll III Risuits of Aortic Cisi Reilacfment With IIomoqrut Aortic Cusps 


1)00 1 

[ SI It\ I\ \L 

[ TIME 

I HONOC EitDICK It VM 


COVDITION Oh 

CUS1 

COMPETENCE 

\T 

8 WKIFICt^ 

1 

1 mo 

DitLstollL 

Poor 

Shrunken 

No 

O 

1 da\, 

atelectasis 


Poor 

Thin and delicate 

No 

3 

\ mo 

S\ntollt 

Poor 

Shrunk! n 

No 

5 

1 dav, 

atelectasis 


Poor 

Thin and delicate 

No 

t> 

1 week 

S\Htolu 

Poor 

Thin and delicate 

No 

7 

1 nio 

S\stolu in«l dmstolie 

Poor 

Shrunki n 

No 

9 

J mo 

Septula and dmstuln 

Poor 

Slirunke n 

No 

IS 

1 1110 

^Wolle 

Poor 

Thin and d( Iieati 

No 

19 

1 mo 

Dioatulu 

Poor 

Tinn and ele In ate 

No _ 




.VO » 


uWMi ETT a S®.-OT,C ^ 0- TALT “ 

Tule ,e 

rABLE 1 ___^=========T?fTf=7^^ro\ 


1 


~SrHTit Ah TlM-E 


---'-—— TTf: VW>>- ' 

Tes 


3 weeks 

4 5 too 

Operative death, 
cardiac arrest 


l^Ttolm and drostoUo 
EwtIv S-fStoUe 


Poor 

Good 


Operative death, 
hemorrhage 
3 mo 
1 5 mo 

1 week 
1 mo 

3 weeks 
1 mo 

1 mo. 

4 5 mo 


Svstolic 
To murmur 
s\ stol'v 
To murmur 
Ssstohc 
SNStolli. 
Svstohc 
Svstohc. 


Good 

Good 

Good 

Good 

Slight ballooning 

Good 

Good 

Good 


Tes 

Tea 

Tes 

Tes 

Tes 

Tes 

Tes 

Tes 


Ftg 2«d 



- . . A-3.1 __ 

Ha ios 

Ha -a lCusp prosthesis in aortic suite in animal sacrificed four and one half months 
utir i-urstri 

.u.licit^““,7atalfc C XOTon lrJrt "'* ' U,n '‘ " r ' W '° " acrince - There 13 no e ' wen « of tn - 

lu ill other lmituK the jiruallii ms appeared satistaetois in all respects 
tlus dl apmaiml shjuh thuhci than at tin time ot insertion and, micro- 
"" l> " dlt this id tin u is dummsu ited to Ik a u-svilt ot the presence of nv 
liiiiimiinn omiuaiu tissue lutumi the aorta and the peucardinm 
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Fig 26 A is a photogiaph of an oiganic cusp prosthesis nisei ted tom and 
one-half months pnoi to sacufice The cusp is slightly tluckei than at the time 
of suigery The aitenal tiacing (done at the time of sacufice) is seen m Fig 
26B 

DISCUSSION 

To date, mtracaidiac suigeiy of pulmonaiy and aoitic valvular stenosis 
has been confined to blind incision and dilatation of the valve Functional 
restoration, therefoie, is dependent upon residual flexibility of the valve If 
the pathologic process has rendered the valve ngid and calcific, these pro 
cedures may pioduce only hunted impiovement Thus, the limitmg factor 
is the state of the valve itself 

Resection of a poition of the valve would peimit peimanent maintenance 
of an adequate outflow tiact legaldless of the condition of the valve It is 
axiomatic, howevei, that any paitial valvular lesection cannot be earned out 
at the expense of cieation of a regurgitant lesion Expenmental 1 and clinical 11 
data have shown that the effect of a suddenly imposed aoitic legurgitant 
lesion is highly detnmental and is disastious in the diseased human heait It 
is piobable that a moderate amount of suigically imposed pulmonaiy regurgita 
tion may be tolerated That this may not always be the case is fllustiated by the 
lepoit of Glovei and associates 14 

It would seem, therefoie, that suigical excision of a portion of the valve 
combined until adequate means of contiol of regurgitation is a logical appioach 
to the pioblem of stenotic lesions of the semilunar valves The advantages of 
doing the suigeiy undei dnect vision with unintcilupted blood flow are 
apparent 

The lesults with the use of homogiaft pulmonaiy and aoitic cusps have been 
disappointing and aie in agicement with the lepoits of Bill and associates, 11 
Hufnagel, 10 and Lam and associates 17 While the degeneiative process nine 
vaiy in teims ot time, the end lesult is fibiosis and shimkage of the cusp It 13 
difficult to speculate upon the 1 cason foi the appaicntly successful grafting °f 
Dog 12 (Fig 23.1) 

The use of the combined autogiaft and homograft cusp piostheses lias been 
moie successful in the tune obseived All the specimens appealed slightly thicker 
than they were at the time of nisei tion but seemed to meet all the iequiremcnt s 
foi functional cusps Retiogiade pet fusion studies and aitenal tracing 3 
demonstrated that the} could adequately pieeent leguigitation Since it 13 
possible to ci cate auy desned size of piosthesis, one might speculatively sugg eS * 
the application of tins method tor the contiol of associated regurgitant lesions, 
especially of the aortic ube, since lncompetency so fiequently augments the 
problem ot the valvular stenosis 

Main questions leinam to be ansnered The effectiveness of the operation 
on the diseased human heart remains to be determined Moreover, the long term 
effluence of the autograft homogiait piostheses is still unknown 


LHW VK ET AL 


STENOTIC LESIONS OF SEMILUNAR. \ VLVES 


189 


SUMMARY 

1 An approach foi the suigical relief of stenotic lesions of the semilunai 

salves is presented , , ,, 

2 Instruments aie described which permit excision of one-third of eithei 

the aortic or the pulmonary valve (one cusp) and adjacent vascular wall T 
maj be done under direct vision without mtenuption ot the circulation 

3 Valvular reconstitution has been canned out with homo graft aortic and 
pulmonary cusps and also organic cusp piostheses 

4 The use of homografted cusps is entirely unsatisfactory 

5 The organic cusp prostheses tunctionallv act as competent flap valves 

The authors uould like to express their appreciation for the guidance of Dr George L. 
ilaisoa, Dr Robert O Bauer and Dr Jacob W Stntzman We are greatly indebted to Mrs 
Edith Tagrrn for the numerous illustrations We are grateful to Dr Stanley L Bobbins for 
rt\ tewing the histologic sections Dr X Robert Frank, Mr Edward Swiss, Mt Abraham 
Kaplan and Mias Lois Mosev earned out the physiological studies We should also like to 
thank Mr Duncan Campbell for aid in operating on the dogs Appreciation is also expressed 
to Dr James L. Hamson for his valuable suggestions and cnticisms 

The instruments were made by Mr Everett Kellogg, the Universal Tool and Die 
Co, Somerville, Mass , and the Globe Tool and Guge Works, Boston, Mass. 
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EXPERIMENTAL PULMONARY VENOUS OCCLUSIOh 

C Rollins Hanlon, M D , St Louis, Mo , D vvid C Sabiston, Jr , il D [t\ 
invitation), Baltimore, Md , and Donald R Burke, IID 
(by invitation), St Louis, Mo 

T HIS report piesents a study of the suivival 01 death of dogs subjected to 
division of the pulmonaiy veins fiom one lung It has been thought that 
a fatal result uiufoi mly follows such complete unilateral division of the pel 
nionaiy veins However, in 1940, Hyndman and associates, 1 studying tht 
effect of pulmonaiy congestion on tuberculosis in the dog, lemarked that hp 
ture of all the veins on the left at one opeiation was “not in the least mconipdi 
with life ’’ In 1948, Swan and Mulligan 2 reported the effects of division o' 
pulmonaiy veins in dogs These investigators observed that healthy dogs surviv 
indefinitely following division of the pulmonaiy veins from one lobe Houevtf 
complete ligation of the pulmonary veins fiom one lung was fatal in two Jog 5 
ivInch they lepoited One of these animals died twenty-foul hours after di'ViN 
of the left pulinonai v veins, tire othei died tlu ee days aftei division of the rig 
pulmonaiy veins These lattei authors reasoned that dogs with lobai hgatwu* 
suivived wheieas those with total umlateial ligations died because of a quantJa 
tive diffeience between the two pioceduies 1 elated to the volume of blood o» 
as pulmonaiy hemonhage 

Oui own umeported expei lenee with lobai vein ligations coiioborated thf 
excellent studies of Swan and Mulligan Howevei, it was noted in other similar 
expeiiments that ceitain dogs survived even when the venous return tiom a 
entire lung was divided Being unawaie at that time of the work of Hjndnut» 
and associates, 1 it was piesuined that penicillin might have exeited a favorable 
effect on the course of these animals The present study" was pcifoinied 0 
piovide a quantitative assessment of the hypothesis that penicillin excited a 
mitigating effect on the moitality late m pulmonary venous occlusion 

METHODS 

Healthv, adult mongicl dogs vveie used, vaiying m weight fiom 6 to 14 kilo* 
giams Thev weie fed on stock diet of dry dog biscuit and watei and kept m 
individual cages tlnoughout the expenment Anesthesia was induced vi 
intiavenous sodium pentobaibital aftei prehmmaiy medication with moipl 111 '® 
and atiopme The total dosage of sodium pentobaibital did not exceed 
mg/kg ol both weight, most of this was given mtiav enously until the dog be 
came unconscious, nttei which the animal was usually given a small addition 11 
lntiamusculai dose Pulmonaiy" ventilation was maintained by internut e» 
insufllntion of oxjgen thiough a steuh/ed endoti icheal tube with niua el 

Keml bifori. tin. Tlilrtj second \nnuul Alerting of The Vnierican Association for Thorne 
Surgerj Dallas Texas AIn> S lu 195-’ , 

frrom the Department of Surgery SL Louis Uni\frsit> St. Louis Mo ami the Dtpar i 
of Surgcr> Tlu. Johns Hopkins l nLcrsitj Daltimort M<I 
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lff In a rew «t the ea.liei animals m the senes small amounts ot ethei r apu 
eie employed tor maintenance All ot the annuals auoke promptly at the 
inclusion, ot the operate procedure and were alloyed diet and water a 
,red The rapidity with a Inch normal eating habits were resumed was ot 
oure prognostic significance, a dog which mas eating normally within one 
hr two days usually recoyeied 

Aseptic silk” technique was employed thioughout The chest was 
ntered In an intercostal incision on either side usually thiough the fifth mter- 
ostal space The pulmonary yeins weie isolated extrapeneai ckally at the 
tilum ot the lung and were dmded between transfixion ligatures Closure ot 
the chest w as pertormed m layers without dtamage At the conclusion ot the 
procedure a single In podermochsis ot noimal saline solution was giren in the 
amount ot 30 cc /kg or body weight No iuithei suppoitne theiapr T uas em¬ 
ployed except in the animals ot the pemeiUin-tieated gtonp The agent used 
v.as ciNstalhne penicillin. ‘ O’ in a dosage of 20 000 umts/kg of body weight 
It was gnen intramuscularly at the conclusion oi opeiation and at daily 
internals theieaitei until the animals lesumed then diet and weie cleaily on 
the way to ieco\ery Administration ot penicillin was continued tor a penod 
ot two to fi\e days ynth an ayerage or three daws 

In ten animals blood cultures weie taken and maintained undei both 
aerobic and anaerobic conditions Autopsies weie perloimed on all animals 
promptly alter death Confirmation ot the completeness of pulmonary yenous 
. mteriupturn was secured in all instances Photographs oi the gioss specimens 
were made and sections were taken irom lepieseutatne areas oi the lung lot 
histologic study 


RESULTS 


Twenty fi\c dogs weie subjected to complete division ol the pulmonary 
yeins nom one lung This procedure was peilormed on the leit side m eight 
animals and on the right side in seyenteen The animals yreie dmded into toiu 
groups, the \anahles being the side ot opeiation and the employment ot penicillin 
llnrapy alter operation 

Group I, Complde Bitmwi of the Left Pulmonary Penis With Postopera - 
fu 1 Penicillin -There were lour dogs m tins initial gioup Soon alter division 
oi the urns, the lung became dark red and congested but the animal showed no 
un owai general signs and the immediate postoperatn e condition was sinulai 
i” tlH r!‘ S 7’ p ' "'“■ K0W " U TIk <=«!' poaJc-peratne J.u™. marked 
. I a,™ ,, , ,, ,P 7 a0 ““ ““l™'’ * “ “ Id ““8k. and producer, 

■TT, ; ' : ’ 1 “ ttum - "'“km 8,c da,* Iroweaei, all an,mala ap- 

!.;r .rirrif om ** me "« i ,he 

laria.U up la thirteen months uttei^poratton^ neie sacrificed at taryttlg 
,t,„l,„l "‘ 1 " aa ’ 1 " s ,n ™' » ^oud group o, annuals WJ> 
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Group II, Complete Division of the Left Pulvionaty Yews Without Fm- 
cillin lorn dogs made up this gioup, similai in all lespects to the preceding 
except that penicillin was omitted. All of these animals suivived the chvisiou 
of all pulmonary veins on the left side with essentially the same clinical picture 
presented by those in the penicillin-treated gioup At the time of sacrifice, from 
5 days to 6 months after operation, the dogs appeared quite well 

Comment It was obvious that the beneficial effect of penicillin could not be 
assessed in animals with ligation of the left pulmonary veins, since this procedure 
was unassociated with any mortality undei the conditions of oui experiments. 
In an attempt to impose a more seveie strain on the expci imental animal, a third 
gioup of dogs was studied 



Fig 1 —Photograph of doe’s lung 
occurred despite penicillin therapy N 
entire right lung 


20 hours after division of right pulmonary veins. 
ote severe congestion In left upper lobe os well ns 


Group III, Complete Division of the Right Pulmonary Veins Without Pew 
cillm —This group comprised nine dogs, six of which died in from one to ten 
days, with an average postoperative life of three and a half days These animals 
showed a clinical pictuie of sluggishness, anoiexia, and a persistent cough 
pioductive of large amounts of bloody, mucoid sputum. In some animals there 
was extreme orthopnea in the teimmal state In others, increasing toipor was 
the most prominent feature One animal appealed on the way to recoveiV 
after a week, but developed signs of severe infection and died after ten da)S 
with widespiead bronchopneumonia in the lung oil the opeiated side Multiple 
small abscesses were pieseut in the periphery of tlus lung Three of these 
animals had bactenologic studies of the blood, all cultures were positive 
Three dogs with all of the right pulmonary veins divided did not die 
although their postopeiativ e course was quite stoimy In two of these animals 
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blood cultures were taken, one had a single positive culture on the day after 
operation and the othei had bactenologic pi oof o± septicemia on five occasions 
during the first two weeks following suigerv Both are alive several months 
after ligation. 

Comment This group of animals demonstrates that under the stated condi¬ 
tions there is a high but not imaiiable mortality associated with total intei rup- 
tion of the right pulmonary reins It appeals likely that infection may play a 
part m the unfaiorable couise of these untreated animals The positive blood 
cultures also suggest a logical xeason for the use of antibiotic theiapy 



Thoracic of rig* puImonary %eln3 ln _ 


operative Penicillin—Th DlVmon 0 ? the Pulmonary Veins With Post- 
SUn ned In the one m tlm ^ o£ seven 

congested as would be exacted buUh h °T’ tbe entire u ^ ht Iun S 

of the left upper lobe (p i ’ r! ™ m addltlon a slmiIar involvement 
presuniabh due to atelectams fion ** ^ addltlonal involvement, 

lc<l t0 quantitative uisuffieiene r secietlous of the contralateial lung, 

,hlSa n>m.l uasncglnve A sin ^e blood culture in 

suu in 311 ammal sacnfked for nnlT^ T™ 1 ™ y be com P ared 'nth that 
f 1 '— J 'tins troni the uXl ^ Ws ^ <* the 

' 1S 1)ro S rtSi >ing satntactonlj the entne^ “i t i ^ ^ Iatter aiUmal > wIuch 
'V!" 'Me change on tin C V , " but there 

S ,t ’ htK u,n Ststul but Still <U1 tout I P ? lt “‘ l 0t the leit Iower lobe was 
p "" '"* n ,n b'rov, alteration m the opnomte 1 * 10 ^ ° peratlon there 
" ' S lu * ,n "»»S to char It6 lower portion S ’ “ 56611 m ^ 3 Tbe rl ^t 
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This piocess of dealing goes on steadily, as seen in the lungs of a dog 
sacrificed one month after mtei 1 option of the right pnlmonaiy veins (Fig 4) 
The affected lung is now moie than half expanded, with inteivemng areas 
of atelectasis and incomplete resolution of hemonhagic congestion The 
piocess m the entue lung vanes but little from that wInch has been known to 
occur during lesolution of congestion in single lobes Details of the media 
nism of clearmg will be lepoited elsewheie 3 

By 10 weeks after ligation of the right pulmonaiy veins m pemcilhn treated 
animals, theie is fairly good pulmonary expansion (Fig 5) This is complete 
in the lower poition of the lung but cannot be demonstiated m the uppei portion 
because of teal’s in the pulmonaiy paienchyma associated with division of adhe¬ 
sions ovei the right uppei lobe Aftei 6 months the lung is full) an containing 
but somewhat contiacted with a moderate degiee of diffuse interstitial fibrosis 
(Fig 9) 



Fig- 3 —Lungs of dog 10 dajs after dl\lslon of right pulmonary eelns. Congestion of right lung 

beginning to clear at loner portion 


The histologic changes at vanous penods aftei ligation aie con elated 
the gioss appeaianee of the lung Aftez 24 hours (Fig 6) the pulmonar' 
paienchyma is stuffed with led cells and leukocytes so that the noimal aichitec 
tuie of the lung is buiel) discernible By 10 days attei ligation (Fig 7) the 
pleura shows an organizing fibnnous exudate, and maciophages tilled with 
hemosicleiin aie pioinment m the unaeiated pulmonaiy paienchyma 

Aftei 1 month (Fig S) the nheolai \cntiIation is much implored with 
focal atcas ot filnosis distiibutcd width thiougliout the paienchyma Aftei 
6 mouths (Fig 9) tlie pictuie is one of complete icidtion but tlieie is diffuse 
thickening ot aheolat septa 



HANLON ET AL EXPERIMENTAL PULMOX ART VENOUS OCCLUSION 1J& 

Comment Wien penicillin in gnen aftei total mteu option ot the light 
pulrnonan terns the moitahtt late (12 5 pei cent) is appieciabh less than in 
the untreated gioup (66 6 pei cent) These gioups aie small, and the moitahtt 
figures mat be taken as mdicatite ot a tiend lathei than as an absolute index 
ot antibiotic efficacy in pulmonaiy tenons congestion 
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1 Is, 1 —Lung* of dog I month 
represent aerated portion 


after division of right pulmonarj veins Pale areas of right lung 
vv 1th darker interv enlng areas of atelectasis and congestion 
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DISCUSSION 

It is appaient that ligation of all the pulmonary veins fiom one lung of the 
dog, while e\tiemely distuibing in many instances and fatal in some, is none¬ 
theless sui vived by cei tain animals All of our animals have survived when this 
piocedure was peiformed on the left side When the light pulmonary leins 
are totally inter i up ted, howevei, the mortality rate has been quite high, possibh 
because the opeiative insult is inflicted on an appieciably laigei volume of pul 
monaiy tissue It has been known that ligation of the vems fiom a single 
pulmonary lobe is toleiated by the dog We have conoborated the obsenation 



Fig g—D i\ision of right pulmonary veins 24 hours previously Note Intense congestion 
of pulmonary parenchyma with erythrocjtes Al\eolar outlines are Indistinct (Hunntovjnn 
and eosln X-10) 



* "—Division of right pulmonar> veins 10 days previously Note fibrinous pleural exudo tc 

and hemosiderin filled macrophages In unaerated alveoli (Hematoxylin and eosln X3S0) 
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that the entire lett lung may be similarly tieated without overtaxing the com¬ 
pensatory mechanisms by which the animal usually adjusts to such venous 
interruption 

If one administers penicillin postopei atively to those animals whose right 
pulmonary veins have been interrupted, the survival late is mcieased, foi 
reasons which are not immediately obvious It would appeal, however, that 
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pothesis Although all of oui animals leeeived a single hypodeimoclj sis of noimal 
saline solution aftei opeiation, this would not be consideied vigoious shock 
theiapv bj usual standaids Fluid depiction might well be seveie in the 
ensuing days and ciitical evaluation ot this has not jet been attempted The 
moderate depiession ot the hematocrit m those dogs which suivived for a few 
days does not suggest that acute anemia plays a highly significant lole 

A second possible explanation ot death in these animals may lie in ventila 
toiy insufficiencj r The lung on the side of operation is lendeied unfit for 
respiratoiy exchange by the blood which fills its paienchyma and ovei flows 
into the trachea as bloody sputum Such sputum may be aspnated into the 
opposite lung and result in fuithei intei feience with lespnatoiy exchange 
until finally the animal dies of anoxia 

Both of these mechanisms—decieased blood volume and lespnatoiy m 
sufficiency—demand ciitical appiaisal, but it is not cleai how the beneficial 
effect of penicillin could be explained if these weie the mam cause ot death 
in expeiimental venous occlusion Penicillin might be expected to have its 
chief effect on the tlmd possible faetoi—infection 

That infection plays some lole is evidenced by the finding of a positive 
blood cultuie in. many of the untieated animals and m only one of the 
tieated ammals The ongin of these oiganisms is not cleai although theie is 
little doubt that the congested lung provides an excellent medium foi their 
giowth The inhibition of bacterial growth by penicillin might be adduced 
as the reason foi meieased survival m tieated animals with occlusion of the 
light pulmonaiy veins But if infection is the sole deteimming factor, it 
seems stiange that it does not exeit a similai deti imental effect on the ammals 
isntli left-sided venous occlusion 

Fiom the data at hand, no positive conclusion may be diawn legal ding the 
piecise mechanism of death in our animals It seems piobable that a combnia 
tion of local fluid loss, ventilatoiy msufficiency and infection may be lesponsible 
Theie aie two clinical examples ot pulmonaiy venous inteimption to which 
these studies maj r be lelevant Ligation of pulmonaiy veins has been advised 
in the tieatment of pulmonarj tubeiculosis and has been given limited clinical 
tiial bj r Edel, 4 Kerschnei, 0 and O’Shaughnessj 0 In the unlikelj event that this 
method of venous congestion should be moie widely used, the role of antibiotics 
in minimizing its untowaid effects would be significant As a moie common 
pioblem, if the venous drainage fiom a majoi pulmonaij^ area is accidentalh 
compiomised at suigerv, some have advised lemoval of the affected segment 
It the studies lepoited lieie mav be applied to patients, such advice would seem 
unduly radical On the otliei hand, pielinnnaij phj'siological studies suggest 
that a lung which le expands aftei such venous congestion is not capable ot 
significant respnatoij exchange but is pumarily a space oecupjung structure 
Fuithei studv mav be expected to claiifv the functional status of such a lung 

SUVlil VR\ 

Interniptioii of the entue pulmonaiv venous lctuin fiom one lung in dogs 
is compatible m some instances with piolonged smvival hloitality tiom such ft 
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procedure ,s dccreused rrheu 

01 this reduction m mortals is discussed The physiologic imp 
prohlem are under studv 
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DISCUSSION 

BE F A. HLGHES Memphis—Me have produced pulmonary \enous congestion in 
the dog experimentally, tn relation to pulmonary implantation 

(Slide J Here is a dog that survived implantation ol the lett lower lobe The 
reason I show this is became this dog has complete occlusion or the veins, pulmonarv and 
all others, and occlusion or the bronchus or the left lower lobe 
(Slide i The lert lower lobe is congested and distended. 

(Slide i Here are the sites of anastomoses ot the arteri and the vein, and vou see 
the vein is complctelv occluded, the bronchus was completely occluded also The arterv 
is not well anastomosed but remains patent This dog was killed three weeks alter 
operation. The .peumens are rrorn the parenchyma ot the lobe, this is the normal lobe 
and this is the lobe subjected to implantation. There is enormous dilatation or rhe 
bronchi here 

(Side j Here one cannot see the site or anastomosis ox an auricle around the vein 
It might be possible tor patients to survive easilv ix a vein were obstructed. I 
hould think that that portion of the lung should prerernblv be remoied Dr Hanlon has 
■>hown that, in -ome instances, it would probably be justifiable to give adequate doses ot 
antibiotics 


I*R RALPH D ALLEV, Albany X \ —Dr Burke has shown a definite correlation 

between survnal rate and administration or antibiotics He has not explained the 

difference in mortality on the two sides, and I would like to suggest that the 100 per cent 
-uryival on the leit -ide might he related to the anatomic tact that the venous drainage 
from the right subcardiac or acce*.on lobe is usually into the lett inferior vein A liga 
ture about the lett interior \ein made ertentK placed di'tal to the right aecessorv venous 
inliv might Mine as a yenou- lent to the noniigated side and explain the high survival 
rate on the left Mde 

i The principal reason tor my arising, howerer, is to stress the importance ot an 
caiodynautical ranable not mentioned in the control or the-e experiments It has been 
nown for many years that the bronchial arterial collateral system ot the lungs undergoes 

ern^ 1Un ln a "°ciation with chronic pulmonary disease states This xact was 

' ,v ^’ r Ennl Holman in the earlv l'<3il s and more recently, Dr Avenll Liebow 
( er Haten has depicted the changes rery ~tnhiugh yvith plastic bronchoyascular 
srN 15t 'e eom.ermn„ the bronchial yeiiis has been described bevond the fact that 
yxi t an 1 dram lmth into the pulmonary Hus and into the azygos system Re 
'ct unpublished work, Dr Eiel>ow has also shown an expansion or the 
tln> tr .T™' ' Wtm accompanyin„ chronic pulmonary disease states In the Imht ot 
^ experiments inyohing the pulmonary circulation arc necessarily Tncom 
PMcK ontroiui unless the bronchial y a cular s Wem „ taken into acco 
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For example, although, “health} mongrel dogs” were utilized in these experiments, we 
do not know their medical background The usual batch of laboratory animals represents 
a cross sectional sampling of the full spectrum of canine socioeconomic groups with, if 
nn\ thing, a more generous proportion of former canine vagrants The latter, under con 
ditions of privation earlier in their careers, may have had episodes of distemper nnd 
pneumonitis which left their mark of an expanded bronchial vascular s} stem which, bi 
\ irtue of the expansion of that portion of the bronchial venous bed flowing into tho azygos 
svstem, may have had a safety valve to cope with the conditions of Dr Burke’s expen 
ments 

DR OSLER ABBOTT, Atlanta -—I wonder if I might be permitted to draw attention 
to some other experiments which have been earned on m this line by Nature, nnmelv, in 
the form of disease The two primary ones I think of are, first, the extremely severe and 
tight mitral stenosis, in some of which, as you know, it is extremely difficult to see at 
autopsy r how the venous return to the lung got to the left ventncle Second, is the 
occasional patient with bronchiectasis in which the resected specimen is charactenzed b\ 
a long standing and well recognized thrombosis of the pulmonary vein of the segment or 
lobe I think it offers a very important clue, because m thoso instances there has been 
observed considerable dilatation and varicose formations of the bronehovenous si stem. I 
think another point is that we must stress the susceptibility of such areas of the lung, or 
auv organ with impaired circulation, to infection This work, then, emphasizes the extreme 
importance of control of pulmonary suppuration in mitral stenosis I wonder if I might 
suggest to Dr Hanlon the adv isability of applyung Cellophane prepared by Dr Hufnagel’s 
technique to the pulmonary venous system, to stimulate Nature’s slow progressive ex 
penments 

DR HANLON —(Closing ) I would like to thank the discussants for their remarks. 
A\ ith regard to the comments of Dr Alley, we are cognizant of the anatomy nnd the 
anomalies thereof on the left side Although Dr Burke did not stress it, the anatomic 
completeness of tho occlusion on the left side was confirmed in all the nonsurviving 
animals at the time of postmortem examination As regards the socio economic factors, 
I fear I must confess that the social service aspects of our experimental laboratory are 
rather inadequate at tho present tune, so that the previous history of these animals 
is, as he pointed out, unknown to us With regard to Dr Abbott’s suggestion, I 
think it is an excellent one In connection with Dr H AV Scott, Jr, Dr Byron Olson and 
others, we have been investigating nnd are continuing an investigation of the effect of 
congestion brought about by various types of constricting agents on the pulmonary circula 
tion in regard to the therapy of tuberculosis So far that has been an inconclusive stud' 

Tho most important thing to our mind about the present investigation is not the fact 
that the rate of survival or death can bo altered, rather our interest lies in the mechanism 
by which compensation is brought about As Dr Burke mentioned, one would think from 
tho gross and histologic nppearanco that these lungs might bo functional, but it is obvious 
when one tries to emplov such a lung ns a ventilntory agent that it is far from adequate 
functionullv 



FURTHER DISCUSSION OF THE RIGHT THORACIC APPROACH 
TO ESOPHAGEAL LESIONS 

R K Hollingsworth, j\I D , Martinsburg, W Ya 


S INCE it has been demonstrated that the stomach can be brought to any de¬ 
sired height in the thoiax, 01 even into the neck, foi esophagogasti ostomy, 
some controversy has arisen over the vntues of the light- veisus the left-sided 
approach This applies more specifically to lesions of the nppei and mid- 
thoraeic esophagus That lesions m the lowei thud aie best handled thiough 
the left side is piobably umveisally admitted The leady access to the stomach 
through the left hemidiaphragm, without fuither external incision, is appeal¬ 
ing But in the higher lesions this advantage must be weighed against the 
gieatei difficulty eneounteied in removing them fiom behind the aoitic aieh 
and fiom the upper mediastinum. As Lewis 1 has pointed out, on the light, the 
azygos veui is the only impeding structuie, and the aoitic aich and the left 
subclavian artery act as a bolstei against the left pleuia during dissection 
Furthermore, many thoracic lesions involve the azygos and are difficult to 
handle from the left Just a few shoit years ago, befoie the days of thoiacic 
esophagogastrostomj, the light side was the generally accepted one foi the 
Thorek procedure But this technically easiei opeiation was overshadowed 
In the ease with which the stomach can be handled from the left, and this side 
became the one of choice 


In 1916 Lems 1 lepoited a staged procedure in which he fiist exploied the 
abdomen and mobilized the stomach. At a subsequent opeiation, the light 
side oi the thorax was explored and, if possible, the esophagus was resected 
The preciously mobilized stomach was then biought up into the chest thiough 
the esophageal hiatus, and esophagogasti ostomy was performed This pio- 
cedure had two cerj obvious detects First, a rathei formidable major ab- 
< omma 1 operation was peifoimed with no assuiance that the second stage 
uoukl lie possible Second, delay between the first and second stages pro- 
ucec technical difficulties m the torn of intra-abdominal adhesions involving 
ie preuously mobilized stomach Ka>, 2 in 1941, had encountered this same 
i i icu tj Chamberlain 3 and Pool 4 counter the first objection by peiforming 
e anastomosis above the esophageal lesion regardless of whether or not it 
. U r e ren |o\ed The second objection is obviated by performing the two 
° n * e samc Both can be oieicome by the use of a light thoraeo- 
1 '™ in i " luaiou uhich gncs a wide, beautiful exposure of the entire area to 
ii. ' IC ec ^ ore vecenth, Hainson and Pickett” hace descnbed a multiple 
intersn . 1PPr ° at ' h ’ e M>Ionng the chest first thiough the thud right autenoi 
ustnn t 1 Ireein S ^e esophagus and then pioteeding to a left abdommal m- 
__— 0 1,10 1 the stomach 'While this has the adcantage, as pointed out 

,, U Wum Ino!? 1 ? I Vln ' lnlstr ' lU °n CVnUr Wartinsbur,, W 

su£V"u! l nlX t C| ti Tl l! rl } Xril'u'i s' ^ '"”- rle,in ^sociatlon for 
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by the authois, of having time by having two opeiating teams woiking snuul 
taneonsly, one on each incision, it seems to me that technically the lemoinl of 
the esophagus thiough an antenoi incision could be very difficult 

In this communication, thiee cases using the ught-sided approach aiere 
poited Each piesents a drffeieut inoblem fiom which ceitain lessons mav 
be learned 



Fig 1 —Case 1 Preoperative esopliagogram 
CASE REPORTS 

C vse 1—S T, No 10 579, a 54 jear old white man, «as admitted to thin hospital on 
Feb 24, 10411 He was admitted to tlia Neurological Service for a nervous disorder Hr 
lnstorv indicated that for the past two or three months he had suffered loss of weight nud 
appetite and some epigastric distress following meals This distress simulated gastric or 
duodenal ulcer, and in the course of routiue barium studies a lesion of the nudportion of 
the esophagus w is -ecu (Fi„ 1) On March 11, 1049, ail esophagoscopj was done a ul * 
lnopsv made 1 Ins revealed a squamous cell carcinoma Phvsical examination and all 
laborntorv studies were within normal limits 

Operation was performed on March 22 104'l J he multiple approach us described 

bv 1 ewis was done a left subcostal incision for tile abdominal part and through the bed 
ot the resected sixth rib tor the thoracic part The carcinoma hnd mvnded comploteh 
through the wall ot the esophagus (Fig 2) and rcmovul was difticult, in fact it was iu> 
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nil of the growth from the mediastinum, making the procedure entireh 
possible to remove all of t g tolerated and the patient it as returned to his 

a pall.at.se one The operation uas n.ellgrated, a P g sent t0 Walter Be ed 

™» 8- “f «n.„ea .... the ate. ..h..« 

strrir ::t:: l. .....«». «-*- »»*■ - '“- a 

thernp\ liail been of ans benefit 



Fig 2 —Case 1 Surgical specimen Xote imasion of growth through entire wall 



l B 

3 (Ci l l)—i Portable film Immediately postopernth c B Later film showing marked 
dilatation of stomach with retained food 

( umnu >it —Immediate postopei iti\c ieco\eij was without incident until 
ilu pitiuit began to t ike food It was then discoceied that whde swallowing 
'' ls lu,rm l ' stoin idi was not eniptt ing, ind it hecame maikedh distended 
1 Ins w is thought to lie due to a pi loiospasm tollowing the \agotonn incident 
to the res.(.turn 'Ibis ga\e cousukiahk difficult. until hnilh, hj the use ot 
i liquid diet inghtU ispu itums ot the stomach uul the use ot Doi\l, the 
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stomach lecoveied sufficient tone to foice its contents through the pylorus. 
Emptying remained slow, and the stomach remained dilated (Fig 3) How 
evei, this did not seem to affect the patient’s bieathmg Fuithei considera 
tion of this complication led to the belief that peihaps the hiatus ivas too 
small Additional comments on this will be made latei 

This man lived seven months, after which he died of extensive metastases 
At autopsy theie was no evidence of reeunence at the site of the anastomosis 
The stomach was maikedly dilated and the stoma thiough the esophageal 
hiatus admitted two fingeis but was filled with thick folds of gastric mucosa 



Fig -1—Case 2 Preoperathe esophagogram showing stricture 


The site of the ougmal lesion in the mediastinum showed extension ot the 
giouth in spite ot maximum doses ot deep x-iay theiapy Seatteied metastatic 
nodules neie seen in the mediastinum, stomach wall, on the light pleuia, i 11 
the In ei, and m the spleen 

Technically, the multiple incision approach was entnely satisfactory ui 
this ease, and I feel that mobilisation of the esophagus was easiei than it would 
line been Horn the left side Tluoughout the opeiation the patient’s con 
dition was good It did not appeal that the slight meiease in time required 
to open and close the abdomen added to the nsk, and mobilization of the 
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stomach is the same whether done through the abdominal incision 01 thtough 
the lert henndiaphragin borne time is lost in changing position, le-piepaimg 
and draping, and this is a disadvantage 



EiS a—Case 2. Surgical specimen showing extent ut stricture. 
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C \se 2—A I , No 8 233, a 49 jear old white man, was admitted to this hospital on 
Nov S, 194S, with the chief complaint of difficult} in swallowing Three weeks prev ious to 
this date he had picked up a bottle which he thought contained whisk}, and swallowed 
its contents He \ er> promptly determined his error (it was 1} e) and drank large quan 
titles of milk, chocolate milk, and water, final]} \omiting While remaining on a liquid 
diet, he continued to vomit dail}, usuall} with the production of some blood Nine dan 
later he had severe substernal pain, and vomited a large quantit} of blood At the time 
of his admission here he was unable to swallow anything Bnefl}, his treatment from 
this time until he was referred for surger} on April 25, 1949, consisted of a senes of 
dilations The stricture could be dilated up to F26, but the relief obtained was of short 
duration Phvsical examination and all laborator} studies were within normal limits 



I* iff 7—Case 3 Preopirutlve esopliagogram 


Operation was performed on Mai 4, 1949 M e were not sure of tho exact length of 
tin. stricture, but it was hoped that the invoiced portion could hi resected and a direct 
isophagial anastomosis made For tins roason, a right sided approach was selected When 
the stricture was fouud to be too long (Fig 5), complete mobilization of the lower set' 
mint ot tho esophagus, through the hiatus, was done Bi drawing up a small amount of 
tho stomaih through tho hiatus the ends of the esophagus could be approximated Ho" 
inr, it was found that the blood supple of tho lower segment might have been too n> 
volved anil when it was found that un udequate amount of stomach could be brought up 
to reach the upper s lri niint «-.ophagogustrostomv was felt to lie tilt safest procedure 
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The patient inuh=tood the opemnon , but tin. man 

2i ^though the stotuaeh has earned Muted (F* 0) ™en seen 
recentL he had no complaints 

Comment —This case demonstrates the gieat mobility ot the ^ toma ^ ‘ 
out the dn lsiou 01 anv or its attachments The Hindus w as easily bi ou B ht P 
through the hiatus to the right midehest (Fig 6), and the anastomosis ma 

without undue tensiou 



A B 

!• ik b—Cxst, 3 Showing I thoracic and B the abdominal portion of the combined thoraco¬ 
abdominal incision. 


Hue 1 sain the bad effects ot the small hiatus clow tied with stomach is 

dumm*tiated 

C v>>L 3—\\ F , Xo 12 47^, a 57 \ear old Negro man, was- admitted on Jul\ 31, 1950 
'\ith the chief complaint ot dirticultv m swallowing The trouble had begun about two 
month's previously when he "aid that he felt a i sort of lump in hi" throat ?f Howe\er, he 
was able to ^wallow all n 0 ht until about time weeks previously when he be 0 an to have 
dnlKuhv with "olid toods The condition pro^re^ed rather rapidiv trom this time until 
at the time ot admi""ion oiilv liquids could be swallowed There had been a thirtv pound 
weight loss in the previous two month" and there had been increasing ease of fatigue 
The pi"l hi lorv ami family hi"tor\ were noncoiitributorv Hi> occupation was that 
a ^ardener Habits were ^ood "iiiuhing bein & moderate and drmkin 0 onlv a small 
am lunt of h u r 

Hu ph\"uul ixanmiaimn loiitribund nothin^ t«< tin diagnosis While he was tlmi 
Jti 1 *h«i\\id evidence of r»n m weight hi"", hi" „uunl upptarance iu> fair Temperature 
wen normal blood pre""Ure lbo/70 weight 1 7 pounds, usual wei a ht lb5 to 
i ‘uu h \il 1 iboralorv "ludu" were within normal limits Koent^eiiOoram (Fi 0 7) 
"cd a lillin^ defect in the c"uphj 0 u- extending trom tbout D5 to I)«« 
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At esophagoscopy on Aug 5, 1950, a fungating mass was encountered at about 15 cm. 
from the front teeth A biopsy from this mass was reported as squamous cell carcinoma. 

Operation was performed on Aug 10, 1950 A right thoracoabdominal approach was 
selected Only such details as are pertinent to this approach will be described The rest 
uas routine procedure The patient was placed on his left side, with the body at an angle 
of about 05 or 70 degrees and the chest and upper abdomen prepared and draped The in 
eision (Fig S) was made along the seventh nb from the spinal muscles posteriorly to the 
costochondral junction, and the chest cavity entered through the bed of the resected 
seventh rib When the esophagus had been mobilized from the thoracic inlet to the hiatus, 
the rib spreader was removed, the wound covered with sterile towels, and the tablo ro 
tated toward the right until the abdomen was nearlj level The thoracic portion of the 



Fig- 9—Aomial relationship between esophagus and Inferior vena cava. 

incision was then continued across the costal margin to the left side of tho abdomen H 10 
hepatic ligamont was then divided, mobilizing tho left lobe of tho livor which was rc 
traded to the right, opposing tho entire stomach The spleen was somewhat enlarged and 
ndhorent to the greater curvature of tho stomach It was friable and, while being freed, 
it was torn and removed The mobilization of the stomach was routine With tho left 
lobe of the liver retracted to the right, the entire gastrohepatic ligament was exposed anil 
accessible On drawing the stomach up into the chest, the causo of the difficult} in empO 
ing the stomach encountered in Case 1, and to a less extent in Case 2, was well demon 
strated Tho esophageal hiatus is behind and slightly to tho left of tho inforior vena cavn 
Thu size ot this hiatus is of rolative unimportance That it will var} in size has been 
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demonstrated bv Harrington '* Furthermore, if a. larger hiatus is needed tlie right crus 
can be divided, giving more TOorn in ft transverse direction (Fig 9) The esophagus in 
its passage through the lower posterior mediastinum remains to the left of the inferior 
lena cava But, to bring the stomach into the nght ehest, it (the stomach) must pass 
between the vena cam and the bod\ of the vertebrae (Fig 10) Palpating through the 
esophageal hiatus from below one is impressed bv the narrow space which exists between 
the vein and the vertebrae That there can be senous interference with the emptying of 
the stomach is quite evident, particularly in view of the loss of tone occasioned by the 
dnision of both \agus nerves The degree of obstruction, other than that caused by sec 
tion of the mgi, depends on three factors One, the size of the stomach, tuo, the thickness 
of the stomach wall, and three, the size ot this space which mav varv somewhat indi 



kivafV 
kirr t.*d£ 
ifar/taercp 


Monuch must pass between Interior^ vena cava ami bod> of vertebrae to reach right 

.faii'plainntmn of A '’ al0 “' lca ' £‘™ctures and spaces The remedv was quite evident the 
'liaphfj i„ NNas , h f "‘ Jch '"to the <- f| est anterior to the inferior vena cava The 
‘ jr, ha and t[lL „ t “ < thu ' ena caiu The esophagus was divided at the 

r1, id With two interrupted sut! n ° 1 £ st0n,ach Th «- normal esophageal hiatus was then 
J“ t anterior to the nn ^ T V* st0ulach D0 " be brought up into the chest 

t- w. u : tuslt;: s : 7 hra r suiurea to its ^i 

"era! c. Minuter* to the len t| , , i, , Po^ib.Utv, this maneuver added 

•"‘aMo.no ,, ( Io „ f , f h ot ‘ 1 >e stomach available for high thoracic or cervical 
of .be abdomen, the perronof the anastomosis, and closure of 
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tlic chest wore routine The patient withstood the procedure well, and made a yood post 
operative recovers Sips of water were allowed on the second da), and soft food was 
easih swallowed li\ the end of the lirst week 'there has been no dithcultv with cmptwiij, 
of the stomach (Fiff 11) This patient is not believed to be cured, as the mediastinum 
at about the level of the nzvgos vein was found to be infiltrated with the cancer, and it 
is verv doubtful that it was all removed But he is able to eat and has been comfortable 
these five months since the operation 



Fib 11—Case 3 Three months postoperatively Note tubeltke character of stomach 

Comment —The combined thoiaeo abdominal appioach was found to be 
a vet) satisiactoi) method of attacking a high oi nudthoracic esophagi 
lesion Because ot the mediastinal involvement, I am convinced that eso 
phageal lemov il was decidedl) eastei than it would have been liom the led 
side Exposute ot the entile uppei abdomen is excellent, and the stomach is 
tnsih mobilized iiom the hntus to the pyloius 

In spite ot the technic ill) easier mobilization of the esophagus fioni the 
light side 1 must admit that delved empt)ing of the stomach encountered 
m bases 1 and 2 hid lett me somewhat discouiaged AVitli the combined tP* 
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pi ouch, the cause of the difficulty was recognized and easily remedied Fig 
11 shows the present condition of the stomach Theie is no dilation, in tact, 

it has now assumed a tubelike chaiactei 

It must be conceded that this opeiation is of gieatei magnitude than the 
left tlioiacic appioach, with enhance to the abdomen thiough the diaphiagm 
Howexer, I beliexe that ni mid 01 high thoiacic lesions the gieatei ease of 
mobilization of both the esophagus and the stomach compensates foi the moie 
extensile incision Admittedly, one case is scaicely sufficient pioperly to 
eialuate a pioceduie, hut it is enough to demolish ate and evaluate its tech¬ 
nical aspects 

SUMMARY 

The appioach to lesions of the esophagus thiough the light chest is 
bnefl} discussed 

Thiee cases aie lepoited, each presenting a diffeient pioblem and fiom 
which ceitaiu lessons may be learned 

In two eases the bad eftects of bringing the stomach thiough a small 
hiatus is demonstrated 

In one the gieat mobility of the stomach without dividing its attachments 
is demonstrated 

One case is lepoited, usmg a tight combined thoiaco abdominal incision 
It the light approach is to he used, it is belieied that this is the most satis- 
facton incision 


REFERENCES 

I.uws I\or Surgical Treatment of Carcinoma of Oesophagus, with Special Reference 
Kai F,rl R . ° f c?- Vth3 0 ' il!ddle Third, Brit J Surg 34 IS 31, 194G 
nroach m ?, K ,f]’ 1 , The C-oobmed Abdominal and Right Thoracic Ap 

Sine- 19 559,Toso f 116 M,d< ° aad Upper Thuds of the Esophagus, J Thoracic 
U umibtrlain 1 M ' D*^won o* Kent The Combined Abdominal and Right Thoracic 
Tu^icio Sr R G l9 559, mo e M ' ddle L ' pper Thlrds of tllc Esophagus, J 

I ool, Mm Middfe’anlNf' r>mbl “ ed Abdominal and Right Thoracic Approach 

19 519 1910 a 4 Lpper Thlr,is of tiie Esophagus, J Thoracic Slrg 

Itiirrison, A W , and Pickett. W H Oae Stage Multiple Approach Operation for Can 

~ 28 771 7TS, 1950 

1933 -*■-- Surgical Treatment m 60 


. 



Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 

Tho 33rd animal meetmg of the American Association for Thoracic Surger} will hi 
held March 27, 2S, and 30, 1953, in San Francisco, Calif Headquarters will be at the 
Hotel Fairmont Suitable accommodations also have been reserved at near bj hotels, the 
Mark Hopkins, tho Huntington and the Sir Francis Drake 


Requests for Hotel Reservations 

These should be mailed to Dr H Brodie Stephens, Chairman of Hotol Committee, 
Ymonean Association for Thoracic Surgery, Eoom 200, 61 Grove St, San Francisco 2, 
Calif The following information must be included (1) two choices of hotels, (2) tjpo 
of accommodation desired—single, double, twin, room or suite, (3) name of other room 
occupants, if anj, whether wife or another doctor, (4) date and approximate hour of 
armal, (5) date of departure, (6) returu address 


Abstracts for Papers 

Abstracts for tho presentation of papers at the 1953 mooting must bo rccened on or 
before Dec 1, 1952, otherwise tlioi will not be considered by the Program Committee 
Flic, r<peat, five copies of each abstract should be sent to the Secretary of tho Association, 
Dr Puul C Samson, 2938 McClure St, Oakland 9, Calif They should not bo sent to the 
Editor 

The abstracts should contain from 200 to 250 words, and should accurntelj reflect 
contents of tho completed puper 


Applications for Membership 

Completed membership applications must reach Dr Edward M Kent, Chairman of 
the Membership Committee, 1107 Clark Bldg, Pittsburgh 22, Pa, on or before Dec 1, W 5 '> 
in order to bo acted upon at tho annual meeting in San Francisco 

All correspondence regarding membership, including requests for membership apphe 3 
tions, should be address, d to Dr Kent 
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LOCALIZED FIBROUS MESOTHELIOMA OF THE PLEURA 

0 Theron Clagett, MD,* John R McDonald, MD # * (b\ invitation), and 
Herbert IV Schmidt, M D *** 

Rochester, Minn 

T~\URI^G the past decade we have become increasingly conscious of a small 
^ group of circumscribed tumors situated in the thorax They often are 
mtimateh associated with the pleura, but less commonly occur m the periphery 
ot the lung and occasionally in the mediastinum This group of tumors has 
not readily fallen into the more commonly accepted classification of mtrathoracic 
mnors It became apparent after studying these tumors that they are tumors 
”! Senerns which because of their peculiar clinical course aie of particulai 
interest to the thoracic surgeon 

d i<.^i lemPerer Rabml said > “Although primary pleural neoplasms aie 
m n atll °n 0 1 le rarer types of tumors, then importance has been leeogmzed 
more tlnn ^ tensu ® llterature ’’ According to Saccone and Coblenz 2 (1943), 
t um , 7 authors had discussed and ofteied opinions legardmg these 

patholomc toafi CSCn ? d ** perple ^ lties of theu chnlcal > roentgenologic and 
httraturo w r 1 ^ ?° me evic * ence confusion that occurred in the 

describe thc^ 3Cm S ^ nc ^ ln ® diffceient names had been used to 

C.aos that has esisud vTn r€Cent ■> ears ’ some 0lder has come out of the 
made l>\ Kkmii, v l Aotable c °ntnbutions toeeard clanfication have been 

reasonable to dmdo Rabml and by St0ut and Mmra > 4 non seems 

The luxt but lc^ Uim ir i ‘° rb ans,n S tlom the P Ieura int0 two distinct gioups 
or librosanomas and 8r ° UP 0t locallzed tumors resembling fibromas 

nnohuig Urn entin niJ* "T’*. gl ° UP mcludes tuni01s a diftuse nature 
O enure pleura, both parietal and Aisceral Oui experience is in 


r >‘\u)Vu t S l ™ rl >,r i L ) u, (' 1 10 Vn ['oa. SUxtln* ot the tn.er.can WM uiol 


Luuon , Ta " 'I‘>Tl« i S f 

,' Ll °n U f surt, LI j 
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geneial agieement with that of Klempciei and Rabin who said, “Localized 
turnois may involve the panetal 01 viseeial plenia They compnse many his 
tologic tipes and benign and mahgnant foims The entire gioup is possessed 
of a common cliai actenstic They onginate from the tissue beneath the super 
ficial lining cells of the pleuia in contradistinction to the diffuse form of pleural 
turnois which arise fiom the suiface lining ” These two gioups of tumors are 
entirely diffeient as legards then gioss and microscopic cliai aetenstics, their 
clinical manifestations and course, and then tieatment and prognosis Much 
of the confusion that has existed is due to the fact that these 2 gioups ot tumors 
of pleuial ongin have been consideied as a single entity in much of the liteia 
tuie wheieas they actually have nothing in common except then supposed 
ongin in the pleura As a lesult of oui expenence with localized fibrous 
mesotheliomas of the pleuia, we believe that these turnois constitute a definite 
disease entity both pathologically and clinically 

It has been difficult to select a piopei name foi the gioup of turnois fiom 
the thnty teims that have been applied in the past Since both localized and 
diffuse pleuial tumors have a mesothelial ongin, and since the term “meso¬ 
thelioma” lecently has gained acceptance, it seems wise to accept tins term 
Howevei, in oidei to distinguish these gioups of tumors shaiply we shall name 
the tumors under discussion “localized fibrous mesotheliomas,” and the other 
gioup, “diffuse malignant mesotheliomas ” 

Theie aie no accuiate figuies in the literatuie to indicate the true incidence 
ot localized fibrous mesotheliomas According to Ramstiom and Hellsten,’ 
Lichenstem 0 was able to collect lepoits of only 8 cases of tumors of this type 
fiom medical liteiatuie up to 1931 These autliois found lepoits of 3 more 
cases in the liteiatuie between 1931 and 1951, and added leports of 3 neu 
cases, making a total of only 14 cases lepoited up until 1951 Undoubtedl) 
lepoits of many cases weie oveilooked in the confused literatuie on this sub¬ 
ject, howevei, because we have been able to collect a senes of 24 cases of tumors 
ot this type in which opeiation was peifoimed at the Mayo Clinic Theie were 
14 males and 10 iemales m om senes, a slightly diffeient latio fiojn the - 1 
latio mentioned in some ot the lepoits m the liteiatuie The age of the pa 
tients in oui senes langed fiom 21 to 70 years, and the average age was 49 3 
y eais 

The association of pathologic changes m bones and joints with intiathoiacic 
turnois and diseases has been noted tiequently since it was descnbed mde 
pendently hi Bambeigei and Mane 3 in 1890 Van Hazel 0 piesented a paper 
on this subject beto'e the Amencan Assocmtion foi Thoiacic Suigeiy m 1 939 
and repoitcd a ser.es ot 7 cases ot tumoi of the lung m whicii the initial 
xwnptomx had b cn changes m tin joints In 5 ot the 7 cases, die tumor 
cas malignant, in the 2 lemainmg cases, it was benign Although articular 
a MM lie - do Oiciu m some cases of bronchogenic varcinjiuj, tho arc no 
' 11 r senes oi moie than 200 cases ot ca.cmo'iia ot the hint 

c n ii , c id c nl a m which t*u , i <u - i' u ,T ms u) 
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eiable to joints It was theietoie ot considerable mteiest to note that m 16 
oi the 24 cases ot localized fibious mesothelioma ot the pleura tlieie weie symp¬ 
toms oi phi steal findings, oi both, lelerahle to joints In mam ot the cases, 
these svuiptoms iveie pmnaidy lesponsible loi bunging the patients to a 
phisieian Articular symptoms had heen present tot fiom foui months to 
sixteen iears In 9 cases, these simptoms had been present toi nioie than 
one lear The most frequent sites ot artieulai involvement in oidei ot de- 
treasmg trequency were the hands, ankles, shoulders, wrists, elbows, and knees 
In some cases, the patients were almost entireh disabled bv the articular mani¬ 
festations When the artieulai leaetions weie ot short duration and un¬ 
accompanied b\ clubbing ot fingers and toes, it was impossible even tor rheu¬ 
matologists to distinguish elimealh the arthntis irom lheiunatoid aithntis 
occmrmg in patients without thoracic tumors Clubbing ot the finger tips or 
toes or both (Fig 1), sufficient to attiact the attention ot the phvsieian, oc¬ 
curred m eleven cases, and minor degrees ot eluhbmg mar well have been over¬ 
looked in some patients who weie seen betoie we became iullv aware ot the 
ireqncut association of this finding with pleural lesions ot this tvpe In 7 


lit. 



clubbing of finger tips In cose of fibrous mesothelioma of the pleura. 


t'Vcr oi i' * S J ^ ls>tor ' 01 recurrent attacks ot chills oi ehiUv sensations and 
discover -<\ * u ' ln ‘' occurred betoie the mtiathoiauc lesion was 

loins uicr-b’ W* Iount * S- n( - ra Hi to ocuu onh m patients with simp¬ 
lex - nm k ,\ Vl Uf Jonits It would appear that chills and 

,i,, i , ^ C(J *'- 1 dered a pan or the clu ical pictme m some cases ot 

~ ’ 101 ,l »iio^ anting nom the pieui. 

j, , , >u t ' ,ldtlu "s with large tumors complained ot Ivspnea but it was 
, , ’ ' “- nt *I»om Loss ot weight was rarclv obseiv d Tlionu 
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The physical findings other than clubbing of the fingers and swollen paw 
ful joints iveie those that would be expected in any ease of mtrathoiacic tumor 
of similai size No abnoimal physical findings weie noted in cases in winch 
the tumors weie small 



Fig 2—a Vnteroposterlor roentgenogram showing area of increased density 
portion of right lung b lateral roentgenogram showing an ovoid interlobar tumor c, nDrom 
mesothelioma of pleura responsible for roentgenographlc changes shown in a and u 



Fig 3 ex Vnteroposterior roentgenoxrrnm showing rounded shadow of Increased denshJ" 
In lower part of right *«iuc of thorax b fibrous mesothelioma of pleura responsible for roeo 1 
genographic change* in a 


DIAGNOSIS 

It must be admitted that a definite diagnosis of fibious pleuial tumor was 
imt made pireopo ativch m anj of the cases in this senes Ilowevei, the possible 
pi. -I p< e of this lesion w is considered in a tew case* In most cases exploratory 

o 
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thoiacotomj was advised because of a pieopeiative diagnosis of mdeteiinmate 
intiatlioiacie tumoi Bionelioscopy was pei formed m a few mstances but, as 
would be expected consideung the pleural ongm of these tumois, it did not con 
tubute anythmg to the diagnosis except to exclude the piesence of a lesion in 
the major bionchi 

Thoiough roentgenogiapluc studies in each case disclosed the piesence of 
an intrathoiacic lesion and piovided impoitant information legal ding the site 
and size of the tumoi Howevei, roentgenographie examination did not dis 
close any featuies that would permit one to distinguish these tumors fiom a 
vanety of othei mtiathoiaeic tumoi s Although loentgenogiaphic examination 
disclosed the piesence of an intrathoiacic tumoi m all of the cases in this senes, 
the roentgenogiaphic findings did not indicate definite]! that the tumoi "as 
of pleuial ongin m any of the cases (Figs 2, 3 and 4) 

Although a coneet pieopeiative diagnosis was not made eitliei chmuilh 
oi loentgenologically m this senes of cases, it would seem that if we pioht fiom 
the knowledge gained from oui leview of them we should be able to diagnose 
at least some of these tumors pieopeiatively m the futme Although other 
intiatlioiacie lesions can pioduce articulai symptoms and clubbing of the fingers 
m some cases, we know of no other intiatlioiacie tumoi in which a clinical 
history of chills, level, migiatory swelling and pam m the joints, and clubbing 
of fingeis occur so commonly A clinical histoiy of this type obtained in a case 
of cncumscribed mtiathoiaeic tumoi should make one considei the possibihti 
of localized fibious mesothelioma 

SURGIC 1L CONSIDERATION 

The tumors lemoved at opeiation vaned m size fiom 4 cm to 36 cm m 
diametei and fiom 50 to 5,000 gianis in weight In manj cases in winch the 
tumoi s weie laige, it wns impossible to determme the exact site of ongm of 
the tumoi As aceuiateh as could be deteinnned, the tumoi aiose fiom visceral 
pleura in 18 eases and iioni panetal pleuia in 6 cases Thnteen of the 
tumors ansing m the visceial pleuia weie situated in the light side of the thora'C 
and fi\e in the left Two tumois which ongmated m the panetal pleuia were 
situated extiapleuially, two appaiently aiose fiom the mediastinal pleuia, ami 
two aiose fiom the pleuia ot the lateial wall ot the tlioiax but w r eie situated 
intiapleuiallj Grossly and nucioscopicallv, all of these tumois, lcgaidlcss 
of then situation oi site ot ongm, seemed identical 

It should be noted that pleuial eftusion was picsent in 4 of the 24 case'" 
In 3 ot these cases, the piesence of pleuial effusion w r as established pn 
operaticelj bj thoracentesis, m the fouith case, a few bundled cubic centimeters 
of clear fluid that had not been suspected pieoperatuely weie found at opera 
tion In one instance, bloodc jdcuial lluid was aspnated on seieial occasions 
picopeistneh In all c iscs in which pleural effusion was found, the tumor 
is nnoted si c< esstulh Ilawthome and Fiobese 10 hate lepoitcd lenio'ul 
hbioils pi uial tumoi whnh was associated with a pleuial eftusio i 
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lu IS eases, the tumors were 1 emoted bv excision without pulmonaiy 
resection Some or the smaller tumors were attached to the lung bv a small 
\ascular pedicle (Fig 3), and only a ligature or a few sutmes weie necessarv 
to accomplish complete removal or the tumor and lepair ox the lung irom which 
the tumor had originated Large tumors oxten were attached to the lung and 
\horuc\c. wall bv vascular adhesions However, except in the cases of verv laige 
tumors, the operations nsuallv were not difficult One 01 more lobes ox the 
lung were removed together with the tumoi m 6 cases Pneumonectomy was 
pertormed in onh one case The tumor, in that case, was embedded in the fis¬ 
sures between the lobes close to the hilus oi the lung Since biopsv indicated 
that the tumor was a fibrosarcoma pneumoneetomv seemed indicated 

There were two postoperati\ e deaths in this senes oi 24 cases One oc¬ 
curred the dav ot operation which had included remoral or the tumoi togethei 
mth the leit upper lobe This operation was perlormed in 1931 long betore 
thoracic operations oi this magnitude were commonly perxoraed The result 
in tlm, case is not ven surprising The othei death occurred one week altei 
operation There were no major postoperative surgical complications xn this 
case the patient dving ox hvpeitensne heart iailure 
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One patient who was 70 years old at the time of operation died one \car 
latex We have not been able to leaxn the cause of this patient’s death All 
of the other patients weie well and free of symptoms at the time of a recent 
follow-up study 



Fig 0—Section of flbroua mesothelioma of pleura showing variation In c , e !J u,al l,**?l tc „ r re 
Some areas are relatively acellular and contain dense bundles of collagen while olners 
very cellular (Hematoxylin and eosln stain X50 ) 

GROSS FEATURES 

In all of the cases in this series the tumois were encapsulated In the 
majority of cases, gross examination revealed definite lobulation which was 
particularly prominent on the surface of the tumoi Bosses were piesent on 
the surface of the tumoi On section, some of the tumors had an appearance 
which suggested placental tissue, and cystic foimation occasionally evas ecident 
Calcium was piesent in one tumoi (Case 21), neciosis and hemorrhage were 
piesent in only one case (Case 22) The lattci was the only case m which his 
tologic examination disclosed undeniable evidence of malignancy The weight 
of the tumois caned greatly (Table I) Three of these tumors were very large 
and weighed from 8 to 10 pounds (3 6 to 4 5 kg ) The site of the tumor m the 
thorax caned In 13 ot the 24 eases the tumoi evas pedunculated, it w r as at 
taclied to either the cisccial oi panetal pleura and projected into the pleural 
cavitc Pleuial fluid was present in 4 of the 13 cases Six of the tumors were 
embedded m the lung close to the cisceial pleura Othei tumors appeared to 
ansc pnmanly as mediustnml cnlaigements A few cveie attached to the pleura 
with a broad pedicle and piojcctcd a shoit distance into the plemal cant} 

1I1S10I OGIC II ViUItES 

All ot the Illinois MIC composed oi spindle cells which pioduccd collagen 
mtciccllul ulc borne poitions ot the tumors wcic lelatnely acellular, and 
the <ells that were piesent m these portions wcie slcndci spindle cells A 
com *aiatic‘lc lurge nunibci o£ spindle cells weri piesent in other portions of 
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the tumors, and nntotic figures occasional^ could be seen (Pig 6) In these 
relatnelv cellular portions, the spindle cells were moie plump than those in 
the lelatneh acellulai poitions In the lattei poitions, fingeilike pi ejections 
01 dense bundles of collagen were airanged m an inteilacing niannei In the 
relatnelj cellulai poitions, tlie collagen eras much finei and frequently appeared 
onl\ as piecollagen in sections wInch were stained with Gomon’s reticulum 
stain These fingeilike piojeetious of bundles of collagen uere a piomment 
feature of the tumors ui this senes of cases (Pig 7) They piobably account 
tor the tact that a fibious mesothelioma occasionally has been mistaken for 
a neurofibioma These piojeetious, howecer, aie not a piomment feature of 
fibromas 
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"cries 01 " m ff UIld 111 a sn,u11 jnopoition ot the tumors m this 

tamed a rol ,t,e i V usuall > " cre situated m poitions ot the tumor which con- 
present in onhV *5 ° f cel,:> A !al S e » UI »her ot these figures were 

and irre ■ular'the'l u ^ T 1,1 th ‘ b tJbe ’ the tells aml uuclei " ere lar S e 
cntitv tumor ksembl " pei 1 th, ' 0,nat,t > a,,d the Otologic picture of the 
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In 1 case (Case 5), the clinical eouise did suggest the presence of embolic 
metastasis In this case, a iccuiient tumor ivas lemoied, and the patient died 
two yeais aftei removal of the pnmarj tumoi At the time of the patient’s 
death, multiple nodules weie piesent beneath the skin The histologic nature 
of these nodules was not determined The histologic appealance of the tumor 
in this case did not differ fiom that of the tumors which followed a benign 
course clinically 



He 8—Flljrous me*othelloma of pleura showing evidence ot malignancy (hematoxylin 11,11 

eosln stain, X180) 

Neuopsj was peifoimed in 2 cases (Cases 16 and 18) In both of these 
cases, the necropsy was peiformed shortly after lemoval of the lespective tumors 
In neither ease was any icsidual tumor found, nor was there any evidence of 
metastasis Another almost constant finding in these 24 cases was the presence 
of spaces lined hi spindle ceils (Fig 9) In i ul se (Case 20), these spaces 
uere lined bj columnai cells and had the appeal ance of actual glands A 
number of these spaces contained coagulated piotewhke material which r e 
seinbled secretion The collagen bundles and cells appealed to be avoiding 
these spuces Whethci these spates are ti ut glands oi attempts at the formation 
of eoelmic spuces is conjectural tlucoid degeneration was a feature of some of 
these tumors It was, howe\ei, nerei as m aiked as one sometimes sees m 
hbrogemc tumors of the cxtiemities 
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COMMENT 

We belieie that oui experience with this senes of cases of localized fibrous 
mesothelioma should establish the fact that this tumor is a distinct pathologic 
and clinical entiti which should be shaiply distinguished fioni a difruse malig¬ 
nant mesothelioma of pleuial ongin Localized fibious mesotheliomas of the 
pleura are ot importance to the thoracic surgeon because these tumors are re¬ 
sectable Thee aie also of importance to the pathologist because he must learn 
to recognize the histologic patterns which thei produce and to make a correct 
diagnosis ot the tumoi Because ot then cellulositj it is eeiw easj to label them 
as slowh glow mg mahgnant tumors and thus detei the surgeon fiom attempt¬ 
ing to lemove them The tact that we hare been able to collect, m the past 
twenti eears, a series ot 24 cases in which this tx pe of tumoi has been lemoved, 
suggests that these tumors oecui moie frequently than has been generally 
recognized Undoubtedly, many lepoited cases ot this tepe of tumoi hare been 
lost due to the confusing nomenclatuie that has been applied to them 
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sometimes nugxatoiy involvement in the joints of the evtiemities, and the 
clubbing of the fingeis 01 toes or both that occur m such a high peicentage of 
patients with these tumors Furthei evidence of this association is the prompt 
and complete lelief of the attacks of fever and chills and the articular paiu 
and swelling, and the giadual regression of the clubbing of the fingers and toes 
that have oceuned following removal of the tumoi in eveiy case in which these 
signs and symptoms had existed pieopeiatively 

It is possible that the piesenee of clefts and glandlike spaces in these tumors 
has some relationship to a specific seeietion by localized fibious mesotheliomas 
which is lesponsible foi the aithritic symptoms It could be conjectuied that 
such a seeietion might be in the natuie of hyaluiomdase This is suggested 
paiticularly in view of the fact that the hyalui omdase enzyme system is con 
ceined in an ill-understood fashion in the production of certain types of ar 
thutis A study of the hyalui ome acid content of pleural and peritoneal fluid 
associated with a tumor involving the pleuia and pentoneum was made bv 
Meyei and Chaffee, 11 who found that on thiee separate occasions there w as 
a constant yield of hyalui omc acid We hope to make such a study m the 
future, but inasmuch as such woik must be done on fiesh tissue and because 
these tumoi s are laie, this phase of investigation will pioceed veiy slowh 
In one instance in our expenence in which the tumoi leeuiied foui years after 
opeiation, theie was simultaneous leeunence ot joint symptoms and clubbing 
of the fingeis We aie not able at this time to offer any reasonable explanation 
foi this association It is indeed fiustiating to be confronted until such a 
definite lelationslup and not be able to undei stand it We have absolutely no 
explanation foi the pioduction of chills and fevei Neciosis, which in other 
tumors is occasionally associated with the pioduction of fevei, was notonoush 
absent in all except 1 case 

Klempeiei and Rabin 1 expiessed the opinion that both benign and nialig 
nant forms of pleuial mesothelioma exist Moie cases must be studied o\er 
a longei time to peinut one to come to any definite conclusion as to how manv 
ot these tumois aie benign and how many aie malignant, and what the histologic 
eiitena toi malignancv aie In one of the cases m this senes histologic exann 
nation levealed unequivocal evidence ot malignancy In the otliei cases, the 
tumois, foi the most pait, appealed to be benign Howevei, in a senes of cases 
ot a new tjpe of tumoi, it is not scientifically feasible to determine which 
tumois aie maliguant and ulnch aie benign until a sufficient number of pa 
tients have been tolloued We have not followed our patients long enough to 
deteimine this To manj people, the only unequivocal evidence of malignancv 
ot an uitiathoiacic tumoi would be embolic metastasis, and although there was 
clinical evidence or embolic metastasis to the skin m 1 case, this was not 
pioved The fact that tout ot the tumors recuned locally does not of liecessitv 
lmplj a malign mt connotation Tlieic was a leeunence of the tumoi m I 
ot the 22 cases in which the patients suivivecl opeiation, and in all of the I 
cases the patients died ot a leeunence ot the tumoi Howevei, the pathologic 
findings m thc'-c I cases were no diftcicnt Horn those in the othci cases in 
uhj'h there has lice** no recurienee 
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Kleinpeici and Rabin 1 have lepoited 1 case ot this tvpe ot tumoi which 
was consideied to be a low-giade fabiosaicoma when first lemoved A lecunent 
tumoi was iemo\ed subsecpientlj The lecunent tumor was highly malignant 
This tumor ultimateh metastasized to tlie othei pleural space and the lung, and 
the patient died Klemperer and Rabin postulated that repeated surgical mtei- 
tcrcnce was responsible tor this malignant transtoimation They stated that 
malignant transformation is observed eonimonh after incomplete lemoval of 
fibroblastic tissue 

The pleural eftusion which was noted m 4 ot om cases was not consideied 
to be in an} war associated with the malignancy of the tumoi because it was not 
associated with implantation ot the tumor m the plemal eavrtv All ot the 
tumois which weie associated with pleural eftusion weie pedunculated tumors 
which were attached to either the visceral or parietal pleura bv a nanow pedicle 
and appeared as a cauliflower-like mass piojectmg into the pleuial canty It 
is possible that the pioduction of fluid m such cases is eompaiable to that seen 
in t ie peritoneum in cases ot Meig’s syndrome m which various ovanan tumors, 
particular!! fibroma with a nanow pedicle, give use to fluid in some obscuie 


• n new °i the tact that thoracic smgeons ever} where accept the philosophv 
iat indeterminate mtrathoiacic tumors must be explored, it seems likely that 
an increasing number ot tumors ot this tvpe will be discovered It is important 
a umors ot this tvpe be kept in nuud and lecogmzed vvlien tliev occur so 
" 1 U,metcssarih radltal operations wiU not be pet formed It should rarelv 
t0 dcstr °- much 11 am lung tissue m removing these tumors 
ser ,, N u ■ U08, " 2e th f true Pathologic nature ot a tew of the tumors m the 

bun prLmed^rT? ^^ "T* 1 0t n ° imal UuiS tlSSUe that could ha%e 
rcco-mizcd irom tl * i° U1 ^!‘ at lotahzed Pleural mesotheliomas can be 
. “ 1 ieir distinctive histologic leatures alone, partieularlv it one 
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and the spindle cells Tliej contain focal collections of cells which appear to 
be malignant The most significant finding is the piesence of spaces or glandlike 
cavities 

Localized fibrous mesotheliomas may anse from any portion of the visceral 
or parietal pleura The majority anse fiom the visceral pleura They rare)} 
are situated e\tiapleutally 

The only effective tieatment of these tumors is complete suigical removal 
Localized fibrous mesotheliomas must be sharply distinguished from diffuse 
malignant mesotheliomas 
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DISCUSSION 

DR H C MAIER, New York—I have been very much interested in this excellent 
presentation from the Mayo Clinic The literature on pleural tumors was in a confused state 
until Dr Arthur Purdy Stout greatly clarified the situation He recognized the localized 
pleural mesothelioma on the basis of pathologic and clinical data and especially through tissue 
cultures done in collaboration with Dr Margaret Murray Previously, only the diffuse mahg 
nant pleural mesothelioma was generally recognized 

In ninny cases of pleural tumors that were originally designated as fibroma, leiomyoma, 
or sarcoma, careful search of the microscopic slide usually reveals areas with mesothehal lined 
spaces such as Dr Clagett has just shown. (Sbde ) In this slide such spaces are particular!} 
prominent These areas were not in lung tissue but m the part of the tumor that protrude! 
into the pleural space I mention this point because some years ago it was thought some of 
these spaces might be residual alveolar spaces One would not expect such findings in a simple 
fibroma or leiomvoma, os rnanj of these tumors have been called in the past 

(Slide ) Dr Stout has laudlj loaned me this slide which summarized the data col 
lected in his laboratory of surgical pathology at Columbia University He has studied fl¬ 
enses of mesothelioma of the pleura sent to him from many sources Forty of these aro benign, 
the tvpe that Dr Clagett has discussed, and 22 were malignant Of 16 cases of pleural tumor 
that I have seen there lias been a higher percentage of the malignant variety than in this 
collected group of Dr Stout’s I agree with Dr Clagett that one must differentiate the 
benign localized tjpo from tho malignant diffuso tvpe Onh five of tho 10 pleural tumors 
that I have seen have been of this localized benign tjpe 

I would like to show two instances of other tv pcs of pleural tumor (Slido ) This is a 
pleural hemangioporicvtomu in which the pulmonnrj osteoarthropath) was very marked m a 
voung female 
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The next crue is not one of the localized type which. Dr Clagett discussed, hut is a 
diffuse malignant Ivmphofigioendotheboma of the pleura. (Slide ) This patient had chylous 
pleural fluid. The lateral recumbent film of the same patient shows the mass which was 
present on the pleural surface Beiore her death this patient developed chyle m the peritoneal 
cavits The=e rare cases illustrate that one can have other tv pea of tumors develop from the 
pleural tusues in addition to the localized benign and diffuse malignant mesotheliomas. 

DB. WILLIAM B COXDOX, Denver —I think studies such as these presented so ablv 
bv Dr Clagett certamlv increase our knowledge of intrathoracic disease Such studies are 
particularly valuable in the prognosis we can offer the patient and his relatives, and to cor 
roborate Dr Clagett's studies I would like to present one recent case which came to our 
attention 

(Slide ) This is a btj-vear o'd woman who had been treated for arthritis for some years, 
of moderately severe tvpe, whose chest symptoms were referable to a spaee-oeeupvmg lesion 
in the leit thorax. (Slide ) The lateral view shows a rather large tumor lying in the inter 
lobar (Lcure which at the tune ot surgery presented a picture somewhat similar to this 

(Slide ) With the exception of a very few avascular adhesions to the diaphragm, the 
tumor lav free m the chest cavitv except for a broad pedicle wbicb sprang from the dorsal 
dm.ion oi the leit lower lobe. This pedicle contained numerous large blood vessels. The 
tumor was easily removed bv merely placing a clamp across the pedicle 

(tslide ) On the nrst examination of the microscopic sections, a diagnosis of a malig 
nant, highlv cellular nbrosarcotua was made. However, when renewed bv several pathologists, 
the diagnosis was changed to that ot a mesothelioma, which in spite ot its cellulanty and the 
number of mitotic figures, was thought to be consistent with a diagnosis of a benign type of 
tumor The patient has remained free of any clinical recurrence m the last eighteen months 
Her arthritis has unproved markedly since surgery 


SIR CLEMENT PRICE THOMAS, Loudon.—I would like to say a few words on this 
topic, not that I have anvthmg further to contribute to what Dr Clagett has said. We have 
5 *veral cases of this tvpe during the last few years, and the first case caught us on one 
Thti was a man who had bad symptoms since the age of 16 I was interested to hear 
r agett stato that these people have symptoms reterable to conditions outside the chest 
o outstanding feature of course is the arthritis or the pulmonary osteoarthropathy from 
> a thec suffer This mans mirial symptoms were m the chest and the arthritic symptoms 
th n '' J * P '-'o nun once until seven 'ears before he came to us for treatment Since that time—and 
u i un is an important tact that has come out of Dr Clagett’s contribution, on which I 
chm™]]* J |'" '" m " e ' iave bad ^ other cases on which we have been able to register 
va v t e diagno is prior to operation, based on the pomt 3 Dr Clagett has made 

tumors."V DtertJtlD “ t * un ° to mc 13 this question of the bemgnanev or malignancy of these 
'cars r d n , ° n f ° f . mT P atlent3 "ho bad rheumatoid svmptoms with swollen joints xor many 
Lbin<h I a °^ a rem0TaI oi *be tumor but I have a vague suspicion that I left part ot it 
thcuumtmd tU “ S tapp-tied in this patient that Dr Clagett mentioned, the 

eighteen ncnths P /?* <biapp '- arod completely after removal of the tumor In a matter of 
Doctor, I am „ ,. W removal of the ,uraor thns patient went back to her doctor and said, 
B't mv nn j on”” Th T / mptora:i back > J°> Dt3 are beginning to get swollen, I cannot 
be had a recurrence m °', SC “ t ber back to ® e ° D 1 rav examination it was found that 
tumor was innltratia .1 l * ^ °^ rateJ Qa her 1 had t0 do a Pneumonectomy because tbe 
buic completch ,h U a reSult of “** P»eumonectom\ the joint simptoms 

Hum that 1 c .> in jran'.^-lutH, ‘ ^ ° W ^ ^ " h ° rt ° f bren,)l bat nsule 

1 ’bmt "“l' t0 lhc 01 tUe '"- a ”'>mic svmptoms 

-» «n Ins “T V ! ‘° ;° JU ' C M,lrB » ne ™ ol the-e arthritic symptoms 

' UU nrunoc^ J ,, T ^ ^ < -* r,a,nU ,U our ^ uatr ' tl.ev are more 

Lwih tj ur, „ t v , in }‘\', tl3 “ ° r Cl3 ° at ^ mentioned, 4 cases in 200, I 
‘ ‘ ni ’ But ^ ,mpor,anl 'o me seems to be that vou can * 
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identically the same symptoms and the new subperiosteal bone formation occurring with a 
senes of different conditions We get them with carcinoma of the lung undoubtedly, I 
have seen them with a mediastinal sarcoma, with infective conditions in the lung or pleura, 
I would like to postulate that it is probably not the secretion from the tumor which produces 
the arthritic symptoms but that the abnormal secretion from the tumor merely acts as a 
trigger mechanism which starts off something that produces symptoms like a rheumatoid 
condition In other words, there is some sort of hnk in the chain farther back which can be 
activated by the three or four conditions which may produce the same type of symptoms. 

Before I sit down I would like to reinforce what your worthy secretary has said about 
our own Society He apologized to me because be called it an association I myself am never 
quite sure what we call ourselves I would also like to say bow pleased I am to be here, it is 
a red letter day for which I have waited twelve years Further, I would like to say that any 
of your members who happen to be travelling in our country at the time our Society meets 
will meet with a very warm welcome If you are dreaming of coming to England—God 
knows why you should because wo have no meat there—round about November, I suggest 
that you make your first port of call our Society meeting and you will be able to meet all 
those of us who are working in this field, and will be able satisfactorily to arrange your 
schedule for the rest of your trip 



RESECTION OP THE TRACHEA FOR CARCEsOHA 
Report of Tw o Cases 

Bert H Cotton, H D , Beverlt Hills, Calef , and Joao R F Penido, M D 
(bv invitation), Rio de Janeiro, Brazil 

T WO cases oi pimiarx eaicmoma oi the mtrathoracic trachea, m which treat¬ 
ment consisted m complete cireumterential resection o± the trachea and 
lcconstruction with a stainless steel tube, aie presented Previously repoited 
cases ot tracheal resection tor cancer are bneflv summarized. References 
examined during an exhaustive search ot the recent hteiature on malignant 
lesions lmohrng the trachea and on surgical leconstruction ot the trachea aie 
listed chronologicalh 

Pnman tumors ot the tiachea aie rare Ellman and "Whittaker* 5 ie\iewed 
the 507 cast's ot this nature that had been reported up to 1945 Clagett and his 
co-workers 35 reported t\vent\-se\en eases trom the Uayo Clime The three most 
common pnman tumors ot the tiachea are squamous cell carcinoma, adeno¬ 
carcinoma, and olindroma The prognosis in eases ot cxlmdioma seems to he 
letter than in other malignant tracheal lesions In 70 pei cent ot cases the 
tumor is situated in the middle or lower third ot the trachea 

Treatment tor prunarv malignant lesions ot the trachea may he divided, 
categonealh, as irradiation with x-iax, implantation ot ladon, endoscopic re¬ 
mote! ot the lesion with torceps or cauterv, and suigieal remoxal The latter 
comprises time tvpes ot procedure tracheotonix with enrettement and eautei- 
uation ot the lesion, partial eireumteiential or ‘window’ resection ot the 
tradua, complete eireumteiential or divisional resection ot the trachea 

Ot the therapeutic methods listed, complete cncumierential or divisional 
re section would seun more nearlv to acluexe the ideal, that is, complete extirpa- 
ton ot the malignant tissue and an adequate margin ot noimal tissue The 
dhhuY ma ' ' K L ‘ n< -ounteied during this procedvue, as well as the 

that YhY 0t m,u kad, howexei, to temponzation with a method 

’ S ' A 1 0 Meditating repair, max constitute inadequate lentox tl ot the lesion 
' me keen reported ot partial oi window” leseetion oi the 
ri eu^\ alter a tracheotomy hael been dune because ot cancer A 
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a tube of skin following complete tiaumatic ruptme with leti action of the ends 
of the tiachea Rob and Bateman 30 used tantalum gauze and fascia lata for 
reconstiuction of the ceivical tiachea following resection foi a malignant 
lesion of the thyroid Crafoord 20 rebuilt the cervical tiachea with a cutaneous 
flap containing an implant of costal cartilage 

Resection of the mtrathoracie tiachea for piimary malignant lesions of 
the tiachea has been lepoited by sly authois In 1945 Belsey 38 rebuilt the 
inti athoracic trachea with wire remfoieed fascia following partial circum 
ferential resection foi a pumaiy tiacheal lesion, the patient died two years 
later from metastasis Clagett’s 32 patient had a tracheal cylindroma Follou 
mg complete circumferential resection of the mtiathoracic tiachea in 194G, 
l econstruction was pel formed, using a Polythene tube as a prosthesis, however, 
the patient died on the sixth postoperative day Jaivis 47 completely lemoved 
4 cm of the mtrathoracie trachea for a cylmdioma and i econstructed the 
tiachea with a stainless steel tube, his patient died of metastasis 33 months 
later Belsey, 38 in 1949, did a partial circumferential resection of the mtra 
thoracic trachea foi cylindroma and lepaned the defect with wire reinforced 
fascia, this operation had been preceded by right-sided pneumonectomy sit 
veais before The patient was alne at the time the ease was reported, bifl the 
exact period of survival was not indicated In 1949, Keigin 48 lemoved a seg 
ment of the mti athoracic tiachea for squamous cell carcinoma just above the 
carina and lepaired the tiachea with a graft of pencaidium Four months 
later, because of recuirence of the tumor, a pneumonectomy on the light side was 
done and an autogenous bronchial graft was applied to the trachea The patient 
died, however, on the third postopeiative day In 1950, Calian 48 resected the 
mtrathoracie tiachea foi adenoid cystic carcinoma A graft of tantalum gauze 
and fascia lata was used as a prosthesis Ravitcli 40 mentioned two cases of car 
cinoina involving the trachea Paulson used a wire remforced fascial gi aft for 
i econstruction Racitch lepoits tantalum mesh and a dermal graft for recon 
sti notion 

Thiee of these mtiatlioiacie lesections were complete cncumfeieiitinl or 
divisional resections (Clagett, 32 Jaivis, 47 Ravitch 40 ) Only one lepoit (Jarvis 4 ) 
indicated a successful liutial lesult 

In the eases of pumaiy caicinoma of the mtiatlioiacie tiachea piesented 
lieie, a combined ceivical and sternum splitting incision was employed, with 
a ught-sided thoiacotomy thiougli the second antenoi mteispace A complete 
circumferential lesection of the tiachea was done and a stainless steel tube 
was employed foi leconstiuction of the an passage In both cases the results 
have been encoui aging The patients ai e alive and well sixteen and si\ months 
lespectivelv, following extnpation of then malignant tracheal lesions Neither 
has had lecuirence of simptoms, oudencc of leactivation of the malignant 
piocess has not appealed 

c\se bh ours 

Cvsf 1 -In Tnnuur\ UIU T P AT, a 58 \cnr old white man, wan seen with tho coni 
plaints of whiizinj, nughing hemoptisis, considerable difficulty in breathing, and a 1° > - 
oi 2~> pounds Tic coil'd wnlk onl> about JO yards 
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On examining the patient, lus recent loss m weight was obvious A marked stridor was 
noted, but evidence of metastasis was not found A roontgenogram of the chest demonstrated 
emphysema of both lungs On bronchoscopy a tumor was seen just below the cricoid cartilage 
which almost complete!} filled the lumen Biopsj of the tumor was reported ns carcinoma. 



Fig 7 —Case 1 New four inch tube anchored in place. 
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On Jan. 15, 1051, the trachea was exposed b\ a mtdltne cervical incision .After the 
trachea was opened, the lesion was lonnd to extend almost to the carina A sternal splitting 
and right thoracotomy incision was made into the second interspace antenorlv The trachea 
was re-ected trotn the cncoid cartilage to a point 2 5 cm. abote the canna, the entire crrcum 
fircncc o£ the trachea being removed 

Recon-truction ot the air pas-age wa- effected In m-erting a stainless steel tube 
Intravenous anesthesia was userl, and adequate oxygenation uas provided through n long, 
-tenle, endotracheal catheter inserted through the wound and held snuglv in the lower part 
of the trachea h\ umbilical tape \ stainless steel tube 7 5 cm long, which extended 0 5 cm 
into e-aih tracheal -egment, was sutured in plue with multiple wire sutures Since a 
tnuheo-tomy could not he done because of the extent ot the resection, an indwelling 


endotracheal latheter, passed through the nose into the trachea, was emploved for three dais 
to control the mucus and effect tree pas-age of air It served al-o to prevent the patient’s 
closing his vocal cords alien coughing thus preventing, in turn subcutaneous emphysema 
On the third postopentive dat, however, subcutaneous emphv-ema did appear which was 
thought to lie earned bv obstruction of the endotracheal eatheter This proved to be the 
as The loner end of the catheter was almost completely obstructed bv blood and mucus It 
was not tound neces-an to reinsert the catheter The remainder of the patient s hospitaliza 
tion was without complications, and he was discharged on the tenth postoperative dav 

After an unercutful convale-cence, with complete reliet from his symptoms, the patient 
returned to full time work. 

Nine months Intel, in September, 1051 , while painting a ceiling, the patient inhaled 
-oine dust which caused a severe attach ot coughing For the next few davs he had an 
irritatin„ cou„h, he evus al-o having difficulty on in-p ration Roentgenologic examination 
r> ivalid that the -teel tube had -lipped downward about 3 cm , both lungs were adequately 
tented Broneho-copv confirmed that the tube had slipped, the exposed portion of the re¬ 
formed iracht i was mobile and was filled with potvpoid granulation tissue Many polypoid 
uia—e- were removed, following which the p itient’s symptoms were -omewhat relieved On the 
two -uurtding ihn addit onal polypoid mas-es were removed bronclio-copicallv Microscopic 
ludit- of the ti -ue- revealed no recurrence ot the malignant growth. Further symptomatic 
relief had been effected In the repealed lironeho-copu iherapi , however, about ten davs 
Lite r inrrea in„h -evere -tridor ippeared Bronchoscopy at tins time revealed a firm annular 
-I> no h with a lumen of onli 3 lo 4 mm. On Nipt 21, 1051 he was operated upon. The 
tut- ccas found to hate -lipped The -tenotic area was curetted and the tube resutured into 
(d in with No n catdi ware The p vtieut had a complete -end uneventful recovery and 
n wined full time work in an airplane factory All or his previous -rmptoms disappeared 


On \prd , lOjj Ice contracted a -etere upper respiratory infection which was accom 
lannd he a „r< it Jeil of coughing Following this, stridor detdoped Roentgenologic 
munition unhealed the tul<c hid again -lipped and that steno-is had developed at the 
urn M< * "" On April 15 i new tula, wa- in-crteil and am liored in place with 2\o 2S 

^ U ^ r " Hnmedutcli lost ill hi- -tauptom- lie was aide to leive the hospital in live 
Tin >nti IN r< ni °Visl at tin- t m< again were free of i valence of recurrente of the c ircinoma 
t] ' " r *'* -nil was mobile iml was lined with polvpoul masses of granulation 

„ ' x ‘ • I'tion of tlu upper 3 cm whnh ion-muted i heave rigid fibrinous wall that 

i' ui> U> of 11 , r vt , 


,, ,, nmith- null h i\c c! Ip ,-,1 -line rcmotal of tlu m ili_n uit les on there is not 
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Irik ! Ill'll tru' U ' ' J 11 '" 1 111 ,lw S' r x x mus opcritioii- iwr m rich m-tance found to be 
"•I- We huie* d'r'l - ’'V' 1 * ll " ' u,urx 1,nur i‘l n °t strong cnouji to anchor the 
cu “ at ,,th ", " ■'* ' v ‘ 11 K nbquitc At no tinic lias then luxn etidence of 

' n “ t H ''eel ,uI * where it 1 - ill coiitict with tin tracheal mueo a. 
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Fig: 9 —Case 2 Postoperative film show ing: tw o inch tube In place. 
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COTTON VND PFXIDO RESECTION' OF TR4CHEA FOR CCRCINOMA. 

\ocal colds, thus minimizing subeutaueous emphvsema, the catheter was well 
tolerated b\ both patients It had to be lemoved three and tour davs, respec- 
tivelv, lollowing operation because ot obstruction bv blood-stained mucus In 
neither instance was reinsertion ot the endotracheal catheter required. 

Bttduse mass ligatures weie not used m eithei case, the closure ot the 
trachea was not autight, however, subcutaneous emphvsema did not occui until 
the third da\ 

Intravenous anesthesia was used Adequate oxvgenation was piovided bv 
the use ot a supplementarv, stenle, long endoti acheal tube inserted thiougli 
tlie opeiatnc wound and held snugh m the lower part ot the tiachea bv um¬ 
bilical tape 

Postoperative mtection was not encountered Penicillin, 100,000 units 
cverv tluec hours, was emploved dating the postopeiative penod 

A stainless steel tube was anehoied with mattiess wire sutuies tlnough holes 
in the tulie and then through the trachea The tulle extended 1 cm into each 
segment ot the trachea No vvne pioved to he the best choice ot sutuie 
material 

sl'MM VR\ 

1 Two cases ot combined cervical and mtiathoiacic leseetion ot the 
trachea are presented Both patients are alive and well sixteen and six 
months, respectively lollowing extirpation ot the malignant tiacheal lesion 

- Complete cncumteientnd or division\1 leseetion more nearlv achieves 
the ideal treatment toi primal \ neoplasm ot the ti \ehea than does anv othei 
method ot therapy 

> Hu oust ruction ot the tnchea with i stainless steel tube was adequate 
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DISCUSSION 

IJR O T1IERON CLAGTTT, Rochester, Alum—My colleagues and 1 Julie Icrn 1 ^ 
tcrcstcd ill this probli 111 of tmcliiul tumors tor some turn, Inlying begun flu dcyelopuicul » 
techniques for tin roconstructiou and repair of the trachea m 1940 To dub «c have f*’ r 
formed operations on four patients yyitli tracheal tumors In our rotal experience » lll j 
tnclual tumors tin most common type is squamous cell carcinoma Cylindroma is the 
most common idi liociircinoma is third, and lit iimngioci.dotlielionm is fourth AAe do 1101 ^ 
bcy e that it is tclinicalh possible to perform a really nulicnl operation, in terms of 
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■was instituted for four days postoperatively The convalescence i\as uneventful The patient 
is alive one year postoperatively without evidence of recurrence at tho primary site bat with 
evidence of mediastinal glandular metastasis 

The third patient was operated on about a month ago He hud a carcinoma of Hu 
right lung which had extended into tho lower trachea and left main stem bronchus A right 
pneumonectomy was performed including about one inch of tho lower trachea and about 
two thirds of the left main stem bronchus Tlion by mobilizing tho trachea nbovc and the 
entire hilar region of the left lung, sufficient mobilization was obtained to approximate the 
ends As is seen in the slide of the surgical specimen tho disproportion between the larger 
tracheal lumen and tho smaller size of the bronchus was overcome by mvnginnting the 
distal bronchus into the trachea and then performing an anastomosis by indiv idual suture 
technique As is noted on the screen the anastomosis was just above the left main stem 
bronchus This patient died six days postoperative!} from an acute myocnrdial infarction 
Healing of the anastomosis appeared excellent for this stage 

HR OSLER ABBOTT, Atlanta—There are two matters felt to be worth} of di» 
< icssion One is that I do not think discussion of this problem will in an} naj lie complete 
unless wo pay due credit to Rolliu Daniel for the work he presented to this Association on tin 
experimental aspect Two, I thought it might lie of some interest to let you know of the 
follow up on the six patients on whom we did resection of tho lower trnchcn and ennnn and 
reported to the Association, b} title, three }cnrs ago It only adds emphasis to wleit liw 
boon said, and for that reason 1 bring it up 

Five of the cases of carcinoma with extension were brought to light because of thi 
enthusiasm of the young surgeon The palliation was not justified Prostheses with gla.a 
tubes were used in two patients, one of whom developed discomfort The tulie was removal, 
apparently ill advisedly, after nine months, and was followed by stenosis and death, no pod 
mortem was done The sixth patient had a cylindroma, primarily of tho enrinn This patient 
had a right pnoumonectom}, and had a reconstruction of the carina by the earl) method Hint 
we described for repair of tho trachea and left main stem bronchus That ripair gnw " 
verj difficult postoperative course and for that reason is to be condemned Other than that, 
the ultimate result was excellent This patient with a cylindroma lived for tlirco jears an'l 
nine months and died from abdominal metastasis after an x ray diagnosis had reicnlel 
i arcinoma of till stomach So, for this reason, I feel I could unphnsize Dr Clagett's point 
to use this as much as possible for relativcl} benign luuons 

DR T * MAC MANUS, Buffalo, N Y—[ would like to subscribe to Dr Cottona 
principles and those of Dr Kay in the handling of primary lesions of the trachea I Ishtu 
wo should treat them as we do other tubular organs, with segmental resection nml whatever 
nodnl resections seem appropriate Tn view of the fact that the csophagcnl chain, th 1, 
tracheal chain and the hilar bronchial chain are so intimately associated, it is not very hk |lr 
that wo will do adequate cancer surgery, but 1 do believe that segmental resection with 
primnrj anastomosis should he our objectm 

I would likt to add one cast to Dr Kay's uiscs that lit has presented, of a 
who hail a primary lesion of the trachea with a segmental circumferential excision of t hr 
lesion und a primarv anustomosis This was an mtmthomcic lesion measuring approximahu 
1 l centimeters in size 

(Slide ) This is the lipioelol studv of the patient before surgery, a 59 yenr old mnn »" 1 
hemoptysis ns the only svmptom The lipiodol runs down the anterior wall of the tmelirt 
and vou tail set it outlining the tumor quite satisfuctorilv M r c did this because we wind''' 
to lee e ertuin of the ixect location of the lesion, feeling tliut sinec the pathologist reports 
a very mature squamous nil lesion, we might have difficult ill finding it with the > utr:1 
tracheal tube in the trachea if we dal not know exaetlv where it was bcforihund 

(Slide ) This shows the riseettd lesion The segment comprised thrte curtilug 1 
intcriorlv and six post, riorlv Vs w. ill know the inrtilage bifurcates shorth after pussin], 
latcralward That amounts to a segnunt of trachea approximated 3 J centimeters in width- 
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Cblule ) This demonstrates the lesion to be adequately resected, at least locally, b\ 
turning it inside out and allowing us to new the area of local attachment 

Cblidi ) After studnng the sections our pathologist changed his diagnosis irom a 
vin mature squamous cell carcinoma to a cvlindroma, but 1 believe, as many of you do, 
that the cylindroma is fundamentally a malignant tumor 

labile j This is the trachea after resection One can see the outline of the tracheal 
nail By direct endoscopic visuabzation the suture line was entirely healed m seventeen 
lacs with no less of lumen. 

UR OTTO C BRAXTIGAX, Baltimore—Dr Cotton in his very consise manner has 
„iv.n us as usual an excellent presentation, and I wish to congratulate him on the good 
r.--ult' lm has obtained. 1 arise merely to sav a word about our experience in work on the 
trachea. Experimentally, Dr Penton conceived the idea of a viable, living pedicle made trom 
the chest wall The pedicle includes pleura, periosteum, intercostal artery, nerve, vein and 
intercostal muscles We could remove in the dog the complete circumference of the trachea 
or anv part of it and repair the defect with the viable pedicle and have uniform recovery 
of the animal We have not had a patient with carcinoma of the trachea However, in 
dealing with an individual with carcinoma of the esophagus where vve got into a situation 
that hal to lie finished, we had the opportunity of applying this technique when an extensive 
excision of the trachea had to be repaired 

tfter excision of the carcinoma from the trachea there was a defect of more than half 
the postenor circumference of the trachea and both major bronchi, and extending a distance 
of about one inch on both major bronchi and about two to two and one-half inches of the 
luwer md of the trachea The viable pedicle dap of the chest wall was used to repair tins 
defect No support was Used in the flap However, a soft rubber tube was placed in each 

bronchus and brought out hv wav of the trachea through a tracheotomy wound in the neck. 

Th.se tul.es were r.moved within six duvs The patient made an uneventful recoverv Un 
fortunately, he died of generalized metastasis about four months after operation. 

DR. COTTON—(Closing 1 In closing I would like to show a specimen to demonstrate 
how clean tin tube remains 

fNlide ) Thus stainless steel tube was inserted for an aneurism which was causing 

Ira. heal obstruction The patient died three montlis after insertion, but I show thus to 

demonstrate how dean the tube remained even though it was in the trachea ior three months 

Mav l thank the discussors tor their remarks 



THE SURGICAL TREATMENT OF CARCINOMA OF THE 
HYPOPHARYNX, LARYNX, AND UPPER ESOPHAGUS 

Orville F Grimes, M D , and H Brodie Stephens, M D 
S vn Fr yncisco, C vlif 

T HE ovei all deeiease in the mentality lates ±01 sutgeit of the esophagus 
and hvpophaivnx has encomaged an evei bioadening hoiuon with lespect 
to the aggiessive suigical attack on such lesions The laie opeiation ot ten 
veais ago has now become an almost commonplace piocediue Ciedit foi this 
belongs not onh to those who have peifected the technical details ot the operative 
pioceduies but also to impio\ements in anestbesia and to the conti ibutions of 
pinsiologists who have solved so mam ot the pioblems ot the pulnionan and 
caidiovaseulai systems Chemotheiupv and the antibiotic agent; line added 
then inclement ot nnpiovement in combating and pi eventing infections, ami 
adequate whole blood replacement theiapv dining suigeiv has peimitted tin 
confident peitoimance ot a deliberate and unhuined opeiative piocediue 

Cancel ot the hypophaiv n\, uppei esophagus, and lai vn\ is moie doseb 
related to the intia-oial gioup of caicinomas than to the gastiomtestmal mahg 
nancies ot glandulai ongin The lesemblance is evident m that epideimoul cai 
cnioma is the common histologic tvpe, the age and sec dLstnbution aie similar, 
and theie appears to be a common etiologic lelationship to chionic liutantsof 
vanous soits Contian to tiue esophageal cancel which otten metustasizes earh 
and widelv, caicinoma which anse, m the lannx and spills ovei mto the 
livpophai vm v 01 that which auses in the hvpoplnuvnx and sccondaiilv involves 
the luiynx 01 the uppei esophagus often tends to leniani localize 1, and its 
metastases tiequentlv aie limited to the ceivieal lvmphatic chains toi a <011 
sideiable penocl befoie ultimate moie lapid distant dissemination occurs 

Dining the past tluee vears (fiom Maich, 3D4b, thiough Maich, RU-) 
seventeen patients with advanced malignant lesions involving the liv pophai'» x ’ 
lai^nx, and uppei esophagus have been tieated suigicallj at the Universit' o' 
Cahtoinia Hospital The piocediue populanzed bv Wookev 1 ot Toionto has 
been applied and in the majoutv ot the patients tieated has been extended L 
nu'ude a unilateial ladical neck dissection The opeiation is designed 1" 
piovnde a wide en bloc excision ot all malignant tissue 

A lectangulai flap of skm and subcutaneous tissue is laised on the anteio 
lateial suiface ot the neck with its hinge on the side coiiespondmg to tin 
location ot the lesion within the hvpophannx It defimtelv cnlaigcd cei' ltJ ' 
lvmph nodes aie present unilateiallv, a standaid indical neck dissection is <w 
complished betoie the site ot the pi mini v lesion is attacked 

Attei completion ot the neck dissection, the isthmus ot the thvroid gland 
is divided along with the sternal attachments ot the intialisoid imisculutun 

b rom the Department of Surter> Dhialon of Thoracic Surper> l nl\crai > of CahfornM 
of Medicine ^ 

Head before the Thirtj second \nnuul Meeting of Tin Vmerican VHnochition tor 
Dallas Texan Aluj 8 10 195.! 
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The trachea is preterably divided at the cneoid cartilage, but mac be transected 
at a much lowet lee el depending upon the downwaid extent oi the tumoi 
Such extension nsualh is manifested exteinalh b\ a mass mtimatelj adherent 
md roughh parallel to the larvnx and tiaehea Anesthesia is theieattei 
admimstcied through a light-angled, inflatable cufted nibbei tube placed dneeth 
into the open end ot the tiaehea which is extenonzed m the legion of the 
suprasternal notch The esophagus is transected at a sinnlai level All or part 
ot the contralateral tlnioid lobe is piesened mainh to insure adequate paia- 
tln raid function 



^If* — 1 Tht akin (lap has been rcnectcd lunar 
U» ru Ileal neck dissection 1? The irutlit il a. 
ipunurjnx 1 li\c been mooted an bloc on the pi me of 

lam b. n ext rU , rll J 


reiiTOul lUMm me right able along with the con 
flu. truenc il segment. upper taophagus lnonx. and 
it pi int of tht prtttrttbral fascia. Tht tracheu 


Ul uppci milium is c lined into the Inpophur\n_x through tile tlniolnoul 
""'"brim In most 111 st races the lmnd bom can be presened Howeier 
l'arinl or tm d .vision oi tin In old is u isibh it wan rated In the extension or 
h-Mon nul stnpnsraJc enough piodiues litth m no difficult! in swallow - 


I n 1*1 un m dissutioii „iiu tin truhci tnd esophagus ire transected in 
' ,'‘ r ' '•'"■'dMstd.lnhtd Tin entire truhtal st.anient hienx, Inpophamix 
"!>!"' ' soph i_«is ,u rnlnrtis.h molnli/ul tnd nniutul tne phne oi 
' U * ,UrI ' ,ri1 h\ pojili irv nx ,s triiisi t tid i, nr 

| h' \ , 1 portion oi the hist, oi the toinjite 
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Occasionally the caicmomatous lesion may extend upwaid along the 
lateial hvpophaiynx to levels as high as the tonsillai fossa Regaulless of the 
se\enty ot the pioximal involvement, adequate tiiangulai excision of the malig 
nant extension can usually be accomplished (Pig 2) The lepan of the lesult 
ing lr\ popliai ingeal detect necessanlv deci eases the calibei ot the phaivngeal 
stoma, but appaiently not excessively so 

The first stage of the pioceduie is completed In partially leconstitutmg the 
swallowing mechanism The flap of skin and subcutaneous tissue is utilized to 
loim a skin-lined swallowing tube The flap is swung back aeioss the preiei 
tebial fascia and sutuied ciieumfeientialh to the hvpophaiynx aboie and to 
the tiansected end of the esophagus below, foiming what is termed the "lateral 



Pie - —Lnrgt_ segments of the lateral hypopharyngeal trail and the base of tlu- tongue It* 
quentl) must bo excised because of the proximal extent of the lesion 


sinus (Fig 3) A Polyethylene tube is inserted thiough this aiea into the 
stomach toi feeding pm poses duiing the internal between the first and seion 
stages ot the pioceduie The excess maigins ot the skin flap aie sutuied to the 
suiiounding skin edges (Fig 4) Fiequently skin giafts aie necessan to dose 
the lav aieas The lowei legions ot the Mound lecene soft mbbei dianis 

A waiting penod ot tlnee months is usualh necessai\ befoie the secom 
stage of the pioceduie mat be sateh accomplished Dining this niteivul the 
blood supph of the paitialh toimed swallowing tube is nismed bv the detelop 
ment ot new \astulai channels dnecth tiom the tissues deep to the transposed 
akin flap 

The swallowing mechanism is completed In appropnate \eitieal 
honzontul illusions designed to niobih/e enough ot the skin flap to close the 



GRIMES AND STEPHEN'S 


SURGICAL TREATMENT OF CARCINOMA OF THROAT 249 





250 


THE JOURNAL OF THORACIC SURGERV. 


lateral sinus In the majonty of instances tire closure is easily performed, since 
the circumferential suturing both to the hypophaiynx and to the esophagus 
has been completed at the initial stage of the pioceduie However, necrosis 
from an inadequate blood supply may follow the extensive neck dissection neces 
sarv to excise large metastatic cervical masses, and a portion of the skm flap 
may be lost In such instances, the skin-lmed swallowing tube may still be 
completed bv a widei mobilization of skm and subcutaneous tissue A double 
row of nonabsorbable sutures is piefeired The law external surface is covered 
by a skm giaft of intermediate thickness An ideal diessing with localized 
pressure is provided bv fluffed gauze seemed with the sutures used to anchor 
the skm graft 

Twelve patients of the seventeen opeiated upon aie alive from one to 
tlnrtv-six months after suigeiy (Table I) Nine of these patients aie well, and 
have shown no evidence of recunenee foi fiom one to twenty foui months 
Some have letuined to gainful employment Three patients have tiny pinpoint 
fistulas which thus fai persist in spite of all efforts designed for their closure 
Fortunately, howevei, thev experience little 01 no difficulty in swallowing 


Table I Hypopiiarynoe vi Cvrcinoma Analysis op Surviving Cisek 






TIME 

SINCE 

OPERA 






PRIMARY. 

TIO\ 


PRESENT 

NAME 

SfcA 

\GE 

LESION 

( MONTHS') 

COURSE 

STATUS 


1 

Q Q 

VI 

4S 

Esophageal 

carcinoma 

30 

Lumbar spine 
metnstnses 20 
months after 
surgerj R 
with roentgen 
ogram 

1 

2 

? Bone metastn 
sis left femur 
Probable cem 
cnl lymph node 
metastases 

2 

E E 

il 

52 

Hypopharynx 

24 


1 

No evidence of 
recurrence 

At work 

3 

\ IV 

M 

70 

Invasive tlij 
roid car 
cinoma 

17 


1 

2 

No evidence of 
recurrence 

Small salivan 
fistula 

4 

P R. 

if 

71 

Hypopharynx 

13 


1 

2 

No evidence of 
recurrence 

Small salivan 
fistula 

5 

V\ J 

VI 

40 

Hj poplmry nx 

12 


1 

y 

No evidence of 
recurrence 

At work 

6 

W K 

Vl 

55 

Hj popharvnx 

11 


T 

2 

No evidence of 
recurrence 

Small salivarv 
fistula 

7 

D S 

11 

71 

Hypopharynx 

11 


1 

Cervical ljnipo 

node metastases 

S 

T M 

VI 

53 

Hypopharynx 

i 

Hemorrhage 4 
months after 
surge n 

1 

Recurrence, 

local 

0 

R W 

VI 

70 

Hypoplinrvnx 

5 


1 

Well 

10 

II VI 

VI 

52 

Hypopharynx 

o 


1 

Well 

11 

F VleF 

VI 

40 

Hypopharynx 

1 

Om stage proi c 
dure 

1 

Well 

12 

0 L 

VI 

o” 

Hvpophnrv nx 

1 

One stage pro< i 
(lure 

1 

W'cll 
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The first patient m this -tries (Q Q ) presented the problem of cervical esophageal 
carcinoma with direct extension into the larynx The lowermost lerel of the lesion m this 
IS rear old Chinese laundninan was at the level of the clavicle Betnu-e of the length 
of the invoked arm, the skin Hap was of greater width than u'-ual Consequently, the 
trulurv was brought out lateral to the usual rnullme -uprn-ternul position Fig 5 demon 
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Tt 


*• l k $ 

knt riu 
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Th» trm h t tom> N 
r , V W tlw. kin Urn 1 
lutw t r a. r^Jn k i| u nr 


nt in tin Mij>r i t« rn il noUli 
-waUimhik tain In. iltil without 
i nmiln. i in Mtu until in ilin^ 


Th. lrr» hul ir clcfic h 
imiMimunt of function 

h nl tK?currt* i 


11>I11|I. I 1 o,,,,,, ^ ,] c [, r , K l„ r< ( ir ^ ( 
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r iw ir is produced b\ the 
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il on r it ion M. t ist as. - 
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A 70 year old man, a teacher of English literature (A \V ), presented an interesting 
problem Three subtotal thyroidectomies for recurrent carcinoma of the left theroid lobe 
had been performed since 1936 when the diagnosis was first established Dysphagia ami 
hoarseness due to invasion of the esophagus and larynx had developed to an alarming degree 
by November, 1950, when the patient was first seen at the University of California Hospital. 



Y 


Pig 7 —Tht completed first stage of the procedure The lateral sinus Joins the hypophaO' 11 * 
abo\e with the esophagus below \ right radical neck dissection has been accomplishes 



Hg 8—Some degree of nurrowing can be expected at the anastomosis of the e&ov j SVJ 
with the skin lined tube. Ml pntlents in the series ha\e been able to tolerate semlsou 
solid foods without dltllcult} 


*51111 


i the m\usi\L th\roid turiiuoinu failed to take up radiouetuc iodine m ^utfiucnt r l uaU 


titles to bi therapeutunll\ effeetm, cxti naive surgtrv was tile onh alternative 


In ‘T lU 


of ^orne necrosis of the skin flap at tin second stage of the procedure (Fi£ b)> the ^ib 
lined swallow mg tube has healed and functions well \o evidence of recurrence < aU 
demonstrated '•cvcntccn months after CTei«ionnl tlu mpj 

V 71 vear old Italian man (I* K ) with a carcinoma of tile Jijpopharjnx and 
csophu^s had svmptoma for onb, three months The malignant lesion extended upward alon* 
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the mullmc of the posterior wall of the hvpopharynx to the level of the uvula The narrowed 
hypopharvngeal stoma resulting from the excision of the malignant extension (Fig i) aa 
not interfered with swallowing since the completion of the second stage of the procedure 

V 49 vear old white man, a janitor, had an extensive lesion of the right pyriform sinus 
with unilateral cervical lymph node metastases Roentgen studies of the skin lined swallowing 
tube demonstrate the adequate caliber and function of the mechanism (Fig S) There is no 
evidence of recurrence, and he has returned to Ins usual occupation twelve months after the 
original surgery 


Table XI Hapopharwoeal Carcinom v Operative Deaths 



i SEX 

1 AGE | 

PPEUOLS 

tiiekap\ 

NCMBERO* 

| DAYS 

| CVLSE 

il V 

M 

5-1 

X ray 

54: 

1 Hemorrhage 

2 Empv emn 

M \\ 

F 

0$ 

None 

14 

1 Hemorrhage 

2 Respiratory distress 


There were two operative deaths in the series (Table II), one two weeks, the other 
tiftv four davs after surgerv, both from complications associated vntli postoperative hemor 
rlia„c One fatality occurred in a (IS vear old white woman with an extensive carcinoma of 
the cervical e ophagus with tracheal and larvngeal involvement Because of the length ol' 
the involved area, the trachea and esophagus were transected at a low level below the supra 
tenml notch Two episodes of hemorrhage during the first ten davs after surgerv were 
controlled with pre-surc dressings Bleeding again recurred on the fourteenth postoperative 
due The patient apparently became asphyxiated from blood winch dropped directly into 
the low hin^ trachea in spite of all efforts that were made to prevent such an occurrence 

The other operative death occurred in a 54 vear old Italian man who had previously 
received approximately 11,000 rocnt 0 cn units to the anterolateral neck regions in an effort 
to control ua extensive carcinom t of the lurvnx with secondary hvpopliarv ugeal involvement 
Ih, pre emc of metastatic carcinoma m the right deep cervical lymphatic chain necessitated 
a unilateral neck dissection. Because ot the impairment of the blood supply of the skin 
hap trum the previous roentgen therapy ind the development of postoperative inrection, 
tn-vtu is u f the ri n lit common carotid artery occurred It was ueces-arv to ligate this vessel 
ut its origin Irani the lunoimn itc artery through an anterior thoracic approach \n extensive 
enipveim n ulted, cuu-iug the p iticnt s d< ith fifty fuur davs after the initial surgerv 


Tvule III Uapoi liu anceai I'iunomi \.N\Lysts oi Fvtvl Cases 
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CVISL 01 DEATH 

l" l) 
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57 
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1 
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' H idespreud metastases 


Oi 

0 

14 

1 

Persistence of carcinoma 

\ Mr 
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Jo 

1 

Cervical L.X meta-atases 
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’ Local recurrence livpo 
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— 

pharvnx 


la cdditnm ti th, two ‘*lsr,tiv. dc-ith- thr.a other patients undergoing -ur erv for 

1 iv 1 -mas m and alsmt th. h>|mphwvnx 1. ,v. dual durm„ the period of study The 

s at briod m the . thr.a Patnats y .rual Iron. twelve to twenty six months (Table III) 

!: \ 1 th ; - «»* —> I'mph node nntostL was „ot 

*1 HI’* 1 ut sit X\u turn of till tu t -t i^i ujn ration Hiv iiw of th. t r wtn 

—.or nag r , in ,, „„ 

. it* lie (an (it lad fourteen l.mnlhs ,ft, r -ur„.rv without ev.r bavin. tl, u" ^ *" 
11,1 1 ln 1 ,ri I-'« u, s,c rv shown not hav. L, a ett.l,., T 

\ * ! ’ - 1 ™,n,.s os ueU is .ml an 11 i is, wh. ' 1 ,T ^°' 3 

J -‘ “■«' * - -Mbs „ ,„, n u jin t suio.rv 
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Ceiucal lymph node metastuses wcie pieseut m fourteen of the se%enteen 
patients in the senes In one instance, aheady mentioned, bilateial metastases 
weie pieseut, although this tact was not apparent in the onginal e\aluation of 
the patient In one case, m spite ot the piesente of unilateial hmph node 
metastases, a ladical neck dissection was postponed, since the patient’s general 
inventoiv suggested that the pioeediue might best he accomplished in stages. 
Aftei completion of the skin-lined swallowing tube, a ladical neck dissection was 
attempted, hut at this late date the metastatic nodes weie denseh udheient to 
the light common caiotid aiteiy at its bituication and could not be iemo\ed 
The wisei choice would have been the combined pioeediue at the onginal opera 
tion legaldless ot the gieatei nsk 



Ms 9—The Uuualum mtah Is sluvpsA to iipproximute tin. Olamotcra of the hypopluiryn't an'l 
esophagus The udequute caliber of the tube Is evident 


Hccenth, the use ot splints ot \aiious soits has been pioposul to l> 1 Il n e 
the detect between the h\pophai\n\. and esophagus We hate used piostlitw 5 
lu two patients 0 A skin giatt ot inteimediate thickness wiapped about J 
tantalum gau/e mesh splint as suggested In Edgeiton was used m both W 
stances The first patient deielopcd a small salivan fistula that healed "bln * 1 
h\e weeks attei suigen lie is now ahh to toleiate sott toods without difficult' 
(Fig !)) The second patient s ieco\ci\ has been complicated b\ a rathei large 
fistula at the lewd of the esophageal anastomosis that peisists one month id ,tr 

SlllgCll 

CONCI USUI'S 

\\ ith i aspect to tlu tai idwuned malignant lesions toi which this cxtciisi'*' 
opeiution ib pcitoimwl the usiilts au not paiticulaih discoiuaging h b 


Or M Culunte Chief Resident 111 Sur^cij performed these two operations 
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reasonable to assume that n toe pimuple ox wide en bloc excision is applied to 
mrlier more localized lesions the lestilts ot suigieal ueatment will be sigmf- 
nanth impro\ed 

\s stirueic ot this m uiinlude detelops to an ecen gieatet secuntt, and 
hater results can he expected tilth lntieasmg tiecpieuct, the wider application 
ot extensile surgeit toi eailier lesions in and about the litpophatvns must be 
jiceptul 
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IM-Us-tOX' 

UR MARK M RAMTCH, Baltimore—There ire a couple of points of interest in 
imine tmu with llr tinnier piper ami his description ot the Woohe\ procedure It inav be 
of intire t to the members ot the As on it urn that in ls*)l Ion H nker performed i \\ ookes 
pru, dure naio ~ui tssfulU on do_' and ulsmed its pertormam i on human bung , and, m 
l* 1 is reporting in tin. Iri/oi f A/uii die Chirurgte A ol s7, he pertormed a full hedged 
AAoums i>i>irition with i squar, dip laid down ns so well described todas That patient 
was nine ind Will sixteen months liter Dr Grime- mentioned Dr Edgerton s cases, he has 
now li nl a ion-nil ruble c\pi ncncc i ith repl iccnient ot the pharsuA and upper e~oplmgus 
hi tin i iiitalum iin-h tube ivlmli sou saw pictured, which is the method of cour-e of Mr 
lnu riiuuus (ompatriots Robb ind B item in, which his Wen emploied for both the 
*• o[ilm n u- and the trailie-a As Ur Cinuics mdicUes when that method is successful, the 
(alnut- in nri t-ipidU relmbilitateil 


HR II BFODIE 'STEPHEN'S, ''mi irmct'co—Dr Grimes is to W i ongratulated upon 
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CARCINOMA OF THE ESOPHAGUS 
A Consideration of Curative and Palliative Procedures 

Mark M Rwitch, M D , IIenra T Bahnson, M I) (by invitation), 
and Thomas N P Johns, 2ID (by invitation) 

Baltimore, Md 

T HE gloomy piedictions oi a tew decades ago that esophageal cancel could 
not be expected to yield to surgical attack ha\e pioved short sighted and uu 
sound Such predictions uie epitomized in the statement, “Because of the 
anatomic stiuctuie and relationships ot the esophagus, the highly malignant ear 
einomas ot the oigan, the tiequent occurrence ot metastasis, the danger of tatal 
infection, and the mutilation which must ahvays cause gieat shock, surgical re¬ 
nun al ot these tumors cannot be expected to be attended w ith any degree of sue 
cess ”* This pessimism has pro\ed in enoi so fai as it pertains to the actual 
technique of leseetion Despite the tact that most patients with esophageal 
caicinoma aie elderly, and generally debilitated, the opeiative moitalitv of 
esophageal resection, though appieciable, is no longei toibidding- 

The distressing tact is that the ineieased iacihty in thoiacic suigen and 
all of the adjuvants available today have changed the picture of esophageal 
cancer only toi the immediate postoperative period The suivival late bevond 
a few months is still miserably poor, and cuies at any given clinic aie spoken of 
in teims of individual cases and scaicely in teims of percentages Sweet 1 reports 
one five-year suivrval ot 30 patients with lesected cai cinonras of the mid thoracic 
esophagus and Paikei and associates 3 lepoit a gioup ot 117 cases of esophageal 
cancer ot whom onlv 2 patients weie still living, both less than one vear alter 
operation At the Johns Hopkins Hospital theie have been no hveyeai cures. 

AA'e aie accustomed to emphasize to medical students that cancer is not 
pnmarily a mechanical disease and that its rational treatment propeilv should 
not be mechanical, l e , suigical Yet up to some point in the life of every cancer 
it is possible to cuie the patient by excising the primaly tumoi with sunoundmg 
tissues In today’s stage of surgical virtuosity almost any viscus oi combination 
ot visceia can be successfully lemoved, it a tew primaly organs aie left behind 
However, suigeons tend to lose sight of the puerility ot the concept ot surgical 
tieatment foi cancel, and continue to devise moie and more extensive operations 
toi more and moie hopeless lesions 

AYe piopose an inveiitorv of the present situation in cancer ot the esophagus 
and an assessment ot the lesults in an attempt to deteinune what should bi the 
surgeon’s orientation 

The posterioi mediastinum can be coinpaied to a conduit containing a mini 
ber ot uxiullv dnccted structuies doselv apposed, and shaiing Emphatic ti links 

Horn the Department of Surfer} of The Johns Hopkins Unkerslty uml The Johns Hop- 
kins Hospital 

Keu.l before tile Thirt} secontl Annual Met tlntr of The Amerlcun Association for ThorucL 
Surgery Dallas Tcxus Mu} S 10 195J 
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and nodes The esophagus lies in close lelationship to the tiaehea, aortic 
arch, lett bronchus, pericardium, descending aorta, diaphiagni, and both 
mediastinal pleurae 

V cross section ot the mediastinum of a lull teini miant (Pig 1) giees one 
sonic idea ot the hopelessh intimate lelationship ot the esophagus with other 
structures 

The hmphatic diamage ot the esophagus is both cephalad and caudad 
(Fig 2) Cephalad the diainage is to the bionclnal and tiachco-bionehial 
nodes to nodes anteiioi to the aortic aicli, and to nodes in the hollow ot the aich 
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in the iiatuie ot suigical gjmnastics 1 athei than a leal advance in thet 11113 with 
c\ide applicabihtj r In despeiate situations in the suigeiy ot cancel it is 
(ustoma 11 to advocate moie extensive opeiations With the esophagus this 
can paitially be accomplished by extending the length ot the c)limlei of le 



Fig 2 —The lymphatics of tile posterior mediastinum from the Vasoruml > mpHo ti , 
Corporis Human! Historin et Ichnographia of Paulo Alascagni published in 17S< More 
ern anatomical studies appear to ha\e Added little Note the extensive communications ° 
bronchial tracheobronchial tracheal and paratracheal nodes with those of the esophagus , 
anterior to the aortic arch and those in the hollow of the arch os well as the caudal P« tn ''‘/ r 
to the diaphragm and gastric card la Not shown are the nodes In the pleura and po^ie 
parlctes Obscr\e again the hopelessly disad\nntngeous position of the esophagus. 


section Howeui, the diametei ot the usccted cchndci cannot he mcieaM-d 
us long us one must leaie behind othei, doseh associated, axialh duet ted 
structuies 

It might still be possible to cine cancel oi the esoph gus suigicdb 1" 
spite of these tarts it it could lie di ignosed iaih 111 its lilt Instoi' bait 
gloonn icpmts ittrst to the blind lnsid’ousucss and deccptnc ninocciict "I 
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the eatlt siniptonis, or the complete absence ot any symptoms betoie eten gioss 
moperabilit\ mat be mamtest In addition esophageal cancel metastasizes 
iarh to till hmph nodes both cephalad and caudad Furthermore, distant 
mctastascs aie not micommon Possibh on this account patients with small, 
mot able pnsumabh earh lesions are as likeh to die ot recunenee as are those 
patients tilth longer histones and laigei tuniois 

Thus, the et idence ot the anatomical relationships ot the esophagus tt hieh 
eiiiorce a ctlindiical lesection the mode ot ltmphatic spiead which is out- 
suk the ctlnulei and the difhcultv m obtanung patients early in the disease 
had to the expectation that the curalnhtt ot this disease will he loti 

Yitualli street- leports onlt one patient alite ot 30 in whom the nud- 
thoraiu tsophagus ttas lesetted 3 oi more teais befoie His lesults aie some¬ 
what bittei tot catunonia of the lottei esophagus and caulia Resano 4 lists 
mie 5 teir and one b jeai surtital ot 1 000 patients tieated on the seivice 
ot l niooluettu Nuuietous siuulai reports ot smaller senes could be cited 
YUYumgYi dneit operatise attack offeis one ot tbe best methods ot palliation 
n is isMKiated tilth t gieatei moitaliti late than less sizable pioeeduies and 
-itis little mow. prospect ot cute This method, then leates something to be 
dtsirul unlit is pioper to consider the altematnes 

Thru is no need to tettett the dismal stoiy ot the tmpiopeilj named 
I’dlntiu gistrostonn ttluch has pistil been generallt abandoned-' ' No 
•"I’m ot tbeript is ldequite ninth does not tapidlt lestoie deglutition 

In special casts—desperateli debilitated patients patients tilth seveie 
• irdiu nr other compile iting lesions—no ttpe ot operatite procedure may be 
u isibk In these palliation eau be achieteel in one ot tlnee ttats bimple 
boti„m i„i will ottui peiimt a p itieut to sit allot! lurh well tor tteeks at a 
'mu uni tan In ptilornud repeitedlt but obtioiislt mthout ant influence on 
da otiUoim 


Un souttai tulu tin Use ot ttlmli origmateil ttlien the opeiation teas 
dmusi in\ miblt i nil, still lias Us plaei as Allison and Bonn' hate leminded 
lls ”> bate oeiasnmaUt unplowd i plastie tanant ttlmli is loretd into the 
‘“aluniiit sun um bt prissim on a runotabk obtmator In otic instance tt hen 
'Inn not.nut un tkil in lnopinblt lesion tlu tubi was pissed while the ehest 

"isupiii I his protid to hi otii most situ esslul ust ot tins tt pe ot mdttelhni' 

1,1 “ IbiK u is liiuuedi iti ristoritioii ot diglutitioii and rebel m the oh 
slimtmu until di itk i ten nionths 1 iter 


Y thinl uonopii itite method ot pallntion olkrs lunsulcrabh guatei 
| r i\n utii possil.fluus hndntion tor earner ot the csoph igus cliche ad 
■onisUud ht r idmm hougn ht direct impl nu ikon oi ,adio ictm nntenal 
,‘ t '\ ,i ; M ’ 111 1<h ino " " l tolt.g.s Tin most important 

11 “«»-m "t tin ruh.t.on thiripi ot e nicer ot tin 

' < i ~us tin usu il ripid i * lit t -I dtsplngii > Jr, tin inajontt ot castj, 

1 , ,n,,W ,,M tlu <i,,rJ,u,n 1,1 h >' tun u he dus Ot 
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Deep x-iay therapy, like operative extirpation, has not appealed to affect 
the outcome of the disease seriously except for individual instances of long 
term survivals The radium bougie and the local implantation of radioactne 
matenal have in general not given as good results as has deep x-ray therapy 
In a leview of ovei 800 patients tieated by madiation, Fleming 9 found that 
83 pel cent died within a yeai and that only 10 patients suivived more than 
five yeais, one of these ultimately dying of metastasis The results of the 
theoietically supenoi lotation treatment appeal to be computable 11 

Of gieat mipoitance is the observation that after niadiation of esophageal 
cancel some deaths oecui fiom peifoiation into the mediastinum, pleura, or 
aoita and at autopsy no lesidual tumoi is found This suggests the possilnhti 
that if befoie mediation the esophagus weie lemoved oi rendeied empty and 
clean by shoit circuiting, such deaths might be obviated In this connection 
a case has been reported by Lincoln Biown 13 in which at operation a siher 
tube was passed into the esophagus and a 5,000 loentgen tumor dose ot \ rai 
subsequently administered No tumoi was demonstiable endoscopicalh G 
months latei 

When cancel of the esophagus ocems m a patient who is a leasonable 
candidate foi opeiation, circumstances may indicate one of seveial pioceduies 

It has been demonstrated that the stomach can be mobilized so as to 
pei nut a pumary anastomosis to any level of the esophagus, even well into the 
neck However this procedure is a consideiable task, requiring extensile 
dissection and for the high tumois a difficult anastomosis On the other hand 
foi tumois of the esophagus in the lowei fourth, resection and esophago 
gasti ostomy is to be recommended when the tumoi is lesectable If a low 
esophageal caicmoma oi caicinoma of the gastnc cardia cannot be resected 
the obstruction may be by-passed bv dividing the esophagus, closing the loner 
end and connecting the uppei end to a Roux-Y jejunal loop Only one or tn<> 
jejunal vessels need be sacuficed to piepaie such a loop, its emulator! 
adequacy need not lie a cause foi concern, and the opeiation is leadily per 
foi med 

In the higher tumois there is some leason to doubt the advisability ot 
elecating the stomach In addition to the techmcal hazard of the high anu-sto 
mosis there is the disadvantage of the presence ot a distensible stomach in the 
thoiax Reguigitation of gastric juice into the pharynx is often a souice ot 
distress with the added hazaid of aspiiation The risks of an mtiathoracu 
uinstomosis of a ceiy long jejunal loop seem unjustified, 1 -' but an antethoiacic 
Roux Y loop can be mobilized with much less difficulty than that attendant 
upon mobilization ot the stomach and with little moie risk to life than that 
mheient m a small bowel anastomosis 

In the day of the Toiek piocedure numerous attempts and some successes 
weie recorded in leconstructne antethoracic esophagoplasty Stomach 
jejunum, and colon weie all employed as well as the seceral varieties o! 
epidermal tubes and combinations of skin and intestinal tubes This fiequentb 
entailed a multiplied-! ot pioceduies requiring many months As a result ante 
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thoracic esophagoplasti was held inapplicable to the problem ot reconstruc¬ 
tion aftei resection of cancer of the esophagus with the anticipated relatneli 
bnet Mir \11 al This attitude can be revised non in the light of greater experi¬ 
ence with esophagoplasti as demonstrated In the work of Yudin 16 Greatei 
i,milliard! with the technique has reduced it to a two stage operation with a 
delai of only a few dais between stages 

The operation repoited hi Roux 1 ' in 1007 tor constructing an antethoracic 
esophagus ot jejunum is the method ot choice m antethoracic esophagoplasti 
In most patients the jejunum can be hi ought aboie the clnncle and anas¬ 
tomosed to the esophagus a few dais latei It is wnser, ratliei than to risk a 
slough, not to attempt to pull the jejunum highei than it will go readily In two 
of our eases resection of the medial end of the clanele permitted tension tree 
anastomosis of jejunal tube and esophagus Three and at times tom, prin¬ 
cipal jejunal \essels mai be divided to provide a long Roux-Y jejunal loop 
All serosa is excised trorn both sides ot the mesentery ot the loop which is 
brought through the mesocolon and subcutaneously A wide subcutaneous 
tunnel is made from the xiphoid to the neck and the bowel is then gentle 
pushed and drawn through it A temporan feeding gastrostonn is con¬ 
structed Anastomosis with the esophagus is accomplished seieral dais later 
Houx amstomosed the lower end of his jejunal loop to the stomach Two ex¬ 
periences in loung adults who deieloped peptic jejunal ulceration haie led us 
to distrust this step There has been recurrent discussion or the adnsabihti 
ot the use of an antiperistaltic jejunal loop which is thought bi some to he 
easier to raise 1 * 1J although the published experiences haie been unsatis- 
ticton 

There tre mam patients who will toleiate a Torek procedure but who 
would not he likeli to surmc the additional strain ot mobilization of the 
stomadi ind the mterteience with puimonan function caused by placing the 
stomach m the chest Antethoracic esophagoplasti mac be pertormed as soon as 
smh i pitient is well oier his thorncotonn and he nmi he expected to he 
i thing his tooil orally within another two weeks Small fistulae at the site of 
thi < ere n d mastoiuosis arc not rare hut usu illy close spontaneous)! 

This therapeutic appro ich h is the tallowing adiantages 


1 There is no tctidciici to compromise m the amount ot esophagus resected 
ind wh iteicr urtuc resides in resection is resened to the patient 

- The m ijor lntrithorun procecliue is short and rehtneli simple 

- lhc in istomosis is extralhoranc and a rehtneli innocent procedure 
is nr is coiutrns risk to the patient or effect upon his general condition 

There is m ipprccnl.lt risk m dckrli arteriosclerotic pitients, ot ] 0s)n „ 
portion Ot the or il end ot the jejuu .1 loop it it is made long enough to reach 

d" 1 ;" ‘.*" ‘»'Ok»r.o. ■.hunt u, cmplo, J " 

‘ t ’ 1 ' tu,K Hi the subtut vucous tissues ,S in tnu or our 

J """ •■»*-»« «»' Oik ru o If ’ 

'.-o„ ?" ,h, Z“v 



262 


THE JOURNAL Or THORACIC SURGFRY 


patient the antethoiacie esophagus was ignoieci nttei the pioximal end 
sloughed The inopeiable tuinoi was paitly lesected and esophageal con 
tiniuty successfully lestoied by use o± a plastic tube (vide infia) Tt mni be 
impossible in adults, with scleiotic vessels and thick fat meseiitenes, to raise 
loops to the neck as often as m childien Howevei, as in Roux’ own case 
the eeivieal esophagostomy may be connected to the antethoiacie jejuiiostonn 
by a skin tube Such a skin tube is fashioned and anastomosed in a single 
stage If the skin of the chest wall is pai ticulaily lav the tube made of thi 
thoiacic skin may be coveted by loose skin diawn fiom the sides It such 
skin is not available the tube may be coyeied with a tiee split thickness ginft 
The tube itself is so fashioned as to include and enclose, at upper and lowei 
ends the esophagostomy and jejunostomj 

In 1922 Neuliof and.Zieglei 20 expeiimented in dogs with the use ot lubber 
tubes as replacements foi esophageal segments In animals the\ neie legularh 
successful with a tuo stage opeiation In the first stage the esophagus was 
packed off to produce gianulation tissue and seal off the mediastinum In the 
second stage the esophagus was lesected and a lubbei tube tied into the uppir 
and lowei segments The tube usualh passed aftei a time and the lesultant eso¬ 
phagus was found to be lined by nonnal appealing mucosa, to be stiong ami 
smooth, and to show no tendency to obliteiative cicatnzation 

In dogs, with then thin pleuia, Neuliof was obliged to woik with tin 
(eivital esophagus but felt that in patients the two-stage opeiation could be 
applied to the thoiacic esophagus appioached extinpleuially tluough the 
postenoi mediastinum Berman of the Sinai Hospital, Bnltimoie, has dr 
y eloped a method foi replacement of the thoiacic esophagus noth a plastn 
tube Fust in expeumental animals 21 and then m a senes of patients he 
demonstiated the feasibility and simplicity of his method The desned length 
of esophagus is lesected a laige ealibie flexible, flanged Polythene tube is 
sewn into the uppei and lowei ends and tied in place, the mediastinal tissues 
being then closed about the tube In om clinic fhe such opciations bare been 
peifoimed bi foui suigeons In foui instances the opeiation was peitoinud 
without difficulty and the patient subsequently swallowed well, though m om 
patient the tumoi was giossh inopeiable and canceious tissue was loti on tin 
aoita One is still m the hospital giayely ill, but able to sw'allow' well AH of 
these patients weie opeiated upon tluough the light side of the chest In a film 
patient, opeiation was peifoimed tluough the left chest and the tube plmn'd 
anteuoi to the aoitic aicli wuth fatal outcome 

Although one may have an a puou objection to the use ot bulled 
l>iesthetics in smgeiv, it would appeal that, m this instance the tube m* s 
onh as a stent about which fibun toims an nnpeimeable sheath which is then 
lined bv esophageal mucosa giorwng in fiom eitliei end Bainim swallowed a 
y\eek attei operation passes tluough the lumen ot the tube and may I ,u;>5 
paith betyyeen the outside ot the tube and the encasing mediastinal tissues 
Although Beiman has employed tubes of consideiable length them has np 
pc ucd m pnetice an undeistandable tendeiuy to skimp on the hngth 
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esophagus leseeted m oidei to make the use of the tube feasible, partvealarlv 
when the carcinoma is near the apes. of the pleuia The use of this plastn. 
tube piovules the quickest and easiest method of esophageal leconstiactum 
and simplifies the opeiative attack on esophageal cancel The use of the tube 
is most applicable to caicinomas of the nnd poition of the esophagus 



Fig 1—C C PostoperatUe roentgenogram of a 37-year old noman operated U P°B 
2 b> Dr \\ illlam F RIenhoff Jr A carcinoma of the middle thlra of the n r 

.i_**** i.-u_i . ...i ., . . , t.t __ a. _i*.i thA h rcn ui 


14 1952 by Dr jc xvicmiuiL ji j\. carcinoma ot uie miuuit: umu u* —* v. 

was resected and the defect bridged with a polythene tube which extended from the arc 
the aorta to the diaphragm The x ray shows barium and air in the plastic tube 


SUM M VR\ 

The results ot the opeiative treatment of carcinoma of the esophagus arc dis¬ 
appointing m teims ot suiwval and ot cuie lates The oigan is fundamental!' 
so situated, and the disease of such a chaiactei, as raieb to lend itself to cure 
bj opeiative means It seems justifiable theiefoie to dnect oui efforts toward 
palliation lathei than cuie and to seek the methods which will jield the 1 >CS * 
leturn in teims ot patient months of comiort, with deglutition lestoied 

In manifestly incuiable tiunors swmllow'ing may be lestoied by nradiatio»> 
oi b\ a shunting pioceduie, prefeiabh antethoiacic esophagoplasty In cancer 
of the lower louith of the esophagus resection and esophagogastrostoim is the 
treatment of choice, for resectable lesions and an intia thoiacic shunt with 3 
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KouxA jejunal loop the tieatniuit oi choice toi inoperable lesions In the mid 
esophagus tlnee operatice piocedures are available tor lesectable tumors each 
with its own advantages 

1 Resection ind esophagogastiostonw 
1 Kcscction and antethoiacic esophagoplastv 
I Resection and plastic tube reconstruction 

l or tumriscctablc tumors and m debilitated patients antethoiacic esophagoplastv 
mav la. oftirid with supplimental liiadtation 

lesions ncai the apev ot the thora\ an best tieated b\ antethoiacic 
cso[iliagoplast\ with oi without lcsection oi liiadtation 
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see a specimen This patient lived four months after surgery We have this post mortem 
specimen, and I would also like to show a eineradiograplne picture demonstrating the 
method of passage of food through this type of prosthesis 

(Slide ) This demonstrates the pathology in this case The operation is not pro¬ 
longed, not difficult, and even patients who are poor risks will tolerate it rather well. 

(Slide ) This is the polythene tube lying m the mediastinum with the distal ami 
proximal part in view, and the lower end of the tube The picture was taken approximately 
three weeks postoperatively There is some lipiodol which he is not able to force through this 
opening that escaped down into the trachea 

(Slide ) Tins picture was taken after the dye had gone down, and some of it has 
become adherent to the polythene tube 

(Slide ) This is the specimen four months after surgery Thore is a solid tube of 
carcinoma and fibrous tissue, very tough and hard, surrounding the polythene tube The pa 
tient was swallowing a liquefied and soft diet satisfactorily 

(Movie ) This is a cmeradiographic picture taken of this man six months after 
operation It runs a circle, keeps repeating itself about every eight seconds, so that yon 
have to watch it more or less as you would n football game, first the left end then the 
center next, etc Otherwise, if you try to look at it all at one time you nnss n good deal 
o:£ the detail As you watch this vou see the banum coming down in and around the tube 
as well as through the tube 


DR LYMAN A BREWER, III, Los Angeles —We have had disappointing experiences 
m curing carcinoma of tin esophagus similar to those presented by Dr Ruvitch The forms 
of palliation which were so nicoh shown by the speaker have an important place in treating 
definitely inoperable carcinoma of the esophagus It is regrettable that the majority of the 
< ases seen by surgeons today fall into this category However, since surgical resection of the 
esophagus is curative when the cancer is confined to the esophagus, we strongl) believe that 
more strenuous attempts should be made to diagnose the carcinoma m the early, resectable 
stage The high mortality is linked with operations on advanced cases in most instances. 
Unfortunately, the textbooks of medicine generally present only advnnced findings for the 
diagnosis of carcinoma of the esophagus, and the important onrly signs and symptoms ore 
usually not mentioned 

The early symptoms are those of mild discomfort, soreness, or tightness in the thorax 
or upper abdomen If the esophagus is considered, along with the lungs and heart, as a 
possible cause of these mild symptoms, then the early cancer will not be overlooked. « 
cannot be stressed too much that at first the dysphagia is not progressive There are tint 
in the early stage of the cancer when, for various reasons, the patient swallows better 


The 

When 


carcinoma acts somewhat as a foreign body, with resultant associated esophagospnsm. 
the esophagospasm associated with on early carcinoma of the esophagus is relieved r 
belladonna preparations, then both the physician and the patient arc lulled into a seas' 
ot false security by the belladonna response At least one third of our cases have shoso 
this Slouglnng of the tumor will also permit the patient to swallow better for a 
The frequency of reference of symptoms caused by carcinoma of the esophagus to the a 
domen focuses the attention of both physician and patient upon abdominal disease ^t 
often a careful study of the stomach and intestines is made, and examination of 1 
esophagus is overlooked We have had a number of cases in which tho proper diags°' 1 ^ 
could have beeu made readily from six months to one year earlier by thorough esophagi' 1 


study when the symptoms were primarily epigastric in nature Furthermore, the ianur 


of 

the lower esophagus that arises in the cardia of the stomach presents diagnostic problem^ 
faince this type of carcinoma spreads to the esophagus in the musculnns and subniuio 
lavers, the mucosa shows no tumor or ulcer However, if nil organic stricture of the esoP 
ugus is present at the cardia, or there is an inelastic infiltrated inuscularis, then this patient 
■diouhl be explored 

It is certainly the dutv of the thoracic surgeons to te ich tile pitfalls in the e 11 ' 1 ' 
diagnosis ot cancer of the esophagus ind m the future, we will huve ninny more cures 
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ttW rt We haie been tobl that the original case t»l esophageal resection for carcinoma of 
tin. esophagus with esophagogastro-tomv, performed bv Adams and Phennster m this country 
m 10' 1 ', is still alive The longtime survival of this one patient should spur us all t 
teach the e-ulv diagnosis of carcinoma of the esophagus 

Dli OW LA H \S AXC.F.NSTEEX, Minneapolis—I can sympathize with Dr Eavitch 
m Ins statements concerning the diftculnes of esophageal cancer surgerv It is now almost 
tea tears since Ohsnwa in Kvoto, Japan, first announced the successful re establishment of 
c-muuuit\ after evasion of cancers of the fundus and cancer of the lower esophagus It 
-cents a hit strange that after all these tears we hare not done better The onlv five-rear 
n ults that have been, published to date are hose ot Richard Sweet, and, as he said in his 
renal article in Sur fl , Gpntc g Ohst (94 46, 1952), the results of surgery for cancer of 
the nml and upper esophagus have been so poor that he hesitated to record them. How 
cter tun will recall that in Ins operations tor cancer of the lower esophagus and the iundie 
ind of the stomach, with patients not hating Ivmph node involvement, 40 per cent ot the 
patient were alive after nve veirs The tragedv is, of course, that so manv do have 
Uiupli nude invoK count, is 1 recall it, his figures for those having lvmpli node involve 
icvut showed five-vear survival m 15 per cent of the patients 

Julius Caesar propounded an old mtlitan maxim when he said, “Divide and conquer ” 
Thu u true m militarv as well as in surgical matters, and I am not referring pnmanlv to 
ta„ t 1 procedures—on the contmrv, I am reternng to dis-ection ot the problem. I too have 
uficred from the experience of la-ing patients for no obviouslv good reason following ex 
n ion of cancer of the mid and upper thoracic esophagus Sometimes the lo^s of the 
(stunt is nrv difficult to understand, tlure being at autopsy scurcelv anything to account 
for the fitful outcome The most common trading appears to be atelectasis In thinking 
this our two thoughts occurred to me Shortening the path of the migrated stomach per 
•nits ere i ion of a greater length ot c-ophagus on the proximal side ot the lesion This is 
..rttmlv an important objective in curing cancer of the esophagus It is desirable to excise 
nve to cViu centimeters above tin cancer The shortest pith tor the migrated stomach i, 
through the ri„lvt diaphragm, anterior to tin left lobe of ibe Iner and anterior to the 
1 ultron wv root—that i-, anterior to ihc Iun„ This path -eems to be -everal centimeters 
anrt, r than tin conventional (nth through tin hiatus and posterior to the lung root 

1’ul what cau.cs the atelectasis oh-uriid in these pitients’ Well, mismanagement of 
•In fluid probhm can do it bv in\itin„ ovcrhvdration However, I tlunk the mam thino 
" r ' „ur„it itlun into tin plurvnv. end tin 1 irvmv trom i Virv short ri-aduil esophagus One 
'■mg "huh 1 lian don, l-ntirlv which Ins mule sink diftircncc in patients recently operated 
Ojcn Is to h 111 the Iiilvin„ intr itruheal tul* in p!an until tin patient is Very much awake 
' in the ruouri room tin uurn a-piratu the phalanx and mouth until 
put. drv Tin n when tin pitnut wak.-s up, the cough ruUx will li sen matenallv 
' x.piritm„ mouth or gm-Wo. 'Opln„« nl -c. return.- into tin trachea. The other 
•li "hi It t hue > oni. to .Hiplov rad whnh I b.bcvc his -ome Karm„ on tin onur 
'fat 1 St, I i, pillI mint, of i No 11 In ml. I hole duudmil tube rato the jejunum 
' r '.' ' thri ad.sl biikviar.l into the thoraucallv migrated 
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of us having compromised too much ou the excision above the ameer, being »ati-8ed Mt'u 
a margin of a centimeter or two Tina is not enough For cancers in the lower e«optugm, 
I have come to divide the azygos vein, anastomosing above it, routinely I have ^een no 
suggestion that placement of the stomach in front of the lung invites atelectasis. 

Placement of w ater filled rubber balloons on top of the pulmonary root in dog*, that 
walk on all fours, does not mvito atelectasis The factors hedging about the item of aipuj 
tion certainly are far more important 

In patients under 50 years of age with an active gastric secretion having an esophageal 
cancer, I am not certain that tile stomach is the best replacement organ for the esophagu* 
The only good thing to say for it is that it is readily av ailable In such instances, the mint 
is probably a far better organ, though the technical difficulites in employing it rather lint 
the stomach are obvious In patients with an active gastric secretion, an) extra length of 
stomach, not needed at the upper end, should be excised The observations of Demel (Ini'S 1 * 
beck’s Archiv 128 453, 1924) have important connotations for resection of this segment of 
the esophagus for dancer, suggesting that the mid and upper thoracic esophagus do not 
have as nch an arterial blood supply as the cervical and terminal esophagus 

Whereas there mnj be an occasional indication for the type of procedure which Dr 
Ravitch has outlined, I would like to suggest that it is too earl) to capitulate to palliative 
procedures We must continue our dissection of, and our attack upou the problem If *c 
can learn to master the intricate technical considerations and the potential physiologic haraid- 
which hedge about the situation, after excision of long lengths of the esophagus, the initial 
operative mortality will be far less formidable Such has been the history of all operations 
And, if greater lengths of the esophagus are sacrificed, the number of ultimate cures mil 
also be greater X ray irradiation is still not a strong competitor for the high thoracic lvm{ 
esophageal cancer Continuance of efforts at surgical cure is therefore still in ordei, «v*“ 
though the risks are large and the present cure rates are low 


DR OSLER ABBOTT, Atlanta—I am sure that the factors mentioned by Dr "Wanton 
steen are of utmost importance There is a contribution which my associate, Dr AVilbun 
Hopkins, has made in the last fen years which is m the process of being presented I 1 
this work designates his understanding and appreciation of the physiologic disturbance " 
transection of the diaphragm I think that is of major importance The anatomic distrt 
tioa of the phrenic nerve, as it comes across from its point of insertion anteriorly an> 
medially, must not be interrupted in order to maintain the optimal function and man ^ 
nativity of the diaphragm postoperative!! Therefore, Dr Hopkins recommends that 
diaphragm be incised circumferentially about 2 to 3 mm inward from its costal nttaehui fB 
Tins gives a remarkable access to the abdominal contents Furthermore, if the jiatUowtd* 
process does not require excision of tho area of the hiatus, the hiatus and the crus 


so intimately appreciated by Dr Alison, arc maintained intact This preservation 
phragmntic function, both for respirntorv processes and for the pet cock action 
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crus muscles, is ot distinct value in preventing unnecessarv postoperative debility and cun' 
plications It emphasizes that physiologic considerations in major and so called minor 
gical detuils are the prophylaxis in regard to postoperative discomforts 

DR ROSS ROBERTSON, Vancouver, B C —I agree m part with Dr Havitih ^ 
Dr Wangensteen, but instead of taking Dr Bavitch’s high road beneath the skin, or 
Wangensteen’s low road through the left chest, I choose to take tho middle road through t 
interior mediastinum, through which to bring the Roux Y tube Since reporting on nx” 11 
struction of the esophagus here two years ago, vve lmvo had eight ldditional ca.es 0 
construction for carcinoma of the esophagus Two of these patients died postoperative 
One wns a man aged 77 years, the other man was riddled with secondary tumor Three 
are still alive, two to ten months nfttr operation The remaining three survived from *c 
to twelve months after operation 

Of the survivals, all were cble to swallow quite readily and with considerable satui® 
turn postoperativelv I have come to the conclusion that probably the way to treat 
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, jrnm t <>( the e-ophagus ma\ be ,-umuunzoJ as follows If a carcinoma m the lower 
uuarur of On. e-ophagus is Miuaniou' cell carcinoma not arising in. the stomach, I think 
I)r -.nuts n» tluxl is preterable, that iou hate an opportumn ol resecting the entire 
rartinomi uni not gettin,, aciirruiu at the anastomo-i- In all other carcinomas of the 
. -nphagus the Roux I tube 'hould be pn_p ired, brought up through the anterior meiliastinum 
in 1 the patient enabled to swallow with comfort 

Then if one feels that tin. tumor m la lie re-eatable, he mav go hack two or three 
hi.k- Inur through the right clie-t and ruiiou the entire esophagus for several centimeters 
i n eai It -nh of the tumor, or the entire stomach if necessarv and all the surrounding lvmpli 
no*l a. 

pit JOHN 11 GIBBON, JR, Philadelphia. It seems to me that this Association has 
t ,n in the la t couple of vc“ir- t tendency tow ird backing awaa irom attempts at radical 
iur of e ircinoma because ot a rather lorbiddmg mortalitv Some oi Us had a discussion 
the otlnr ni„ht about the same subject relative to carcinoma ot the lung It seems to me 
that there i another attitude to take, that is, to continue with an aggressive attitude in the 
itte tnj t to eradicate the di-case, and to devote our efforts toward trvmg to land out the 
cause of the-c unetpl uned deaths that Dr Wangensteen mentioned I appreciated very much 
Dr Hawaii » philo oplueal and histoncal discussion, but I must differ with him in m\ atti 
tilde toward the philosophv I am about to reverse wliat I 'aid three tears ago before this 
oeution Vbout nine month' igo Dr Ulbritten, Dr Templeton, and rnvself decided that 
er woul 1 reeer L our-cVvtS about the left'ided approach and Use a right fhoracotomv lor 
iphj„i-d U ions at the Kiel of, or eeph dad to the aortic arch We hoped to lower the 
n ortalin m the higher e'Oplia^c-al lesion', which is the real crux ot the problem. In the 
I a t nine montlis We hale operated upon n\c jatients with esophageal lesions at the level 
f tie anh nr in the neck with one death, u-tng a right thoraeotomv 

1 would [artieularlc libc to adcoc itc the U'c of two operating teams for lesions ot 
tK i nird c-ophagu- 1 or the thorictc inlet With two operating teams, iou can cut the 
1 rum, tmii m halt Om team mobiliies the 'tomaeh m the abdomen while the other 
tiarn tiohduex the cervical e ophagu- ind nertorms when indicated a radical neck dissection 
'it’i if i us irv v henuthvroiihetomv or lurvngectoruv Then with the patient 'till in 
d' Jpmi [«. ition, the ri„ht eln't i' opene 1 In the tiam ojieraung in the neck The thoracie 
*"! ngu i' mohilized md the vlslomiml operating tenw pa-"c-> the stomach up into the 
thorax. Tin other operating te mi pas i-> the '!■ maeli into the neck and performs the esoph 
tr i toniv thin wluh the didoiiiinul te mi ilo-e-< the abdominal and thoracie incisions 
I think vie 'Imulil devote 'till mon tum to the lggrc—ivc attack on the-c le'ion a watli 
iiti ipt to redan the mort ilitv mher thin to throw up our hands and or that thi' 
m i' Kvunl u \\i hivi riMiitlv rivnwed our ri'ulis in 1-JS patients with caneir of 
1 •* >l' igus ot of Uu g-i trn • irdi i Thi' I- i consecutive tries e'en in thi past six vear- 
Tic 1 n i vv i' t '" te*d ml in mi-tomo-i- performed in ** of th-s. patient- 1'ronv tin- 
' " 1,1 aU *» Itwuih’- nv. v.ar -urvivah- one . i-c Of cour-e the majontv 

' ir ‘O ' hi\ K i u -.in in riMOt v.-ar- not uvi or -is \car- a„o In eonclu-ion I 
‘ 1 ' ' ^ 1 I'h i ll it wi ontinue ' ur , iTort toward reducing moriuhu and keep up an 
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lntrathoracically or mediastinally We have had experience with two patients in whom 
there was a subcutaneous slough One is a man who has had many attacks of coronal)' 
disease, and he sloughed off several inches of the antethoracic esophagus It left him a 
beautiful feeding jejunostomy as a result which should not leak at all, and, incidental 
one of the things a Boux loop wall give is a beautiful feeding jejunostomy anywhere, without 
leakage The other patient had a slough of the entire antethoracic loop, to the costal margin 
was not sick at all, and Ins surgeon elected then to resect the tumor and placo tho plastic 
tube in situ, although he had to carve the tumor from the bronchus and the aorta. He got 
by in that instance 

I would like to say again that while we do not class ourselses as among the timid 
group of surgeons, the pomt is that the esophagus is not like the breast which is virtual!) 
a skin appendage, practically off the bod), and one can do a well conceived cancer operation 
there It is just not possible to take out the esophagus that way 



BRONCHIOGENIC CARCINOMA A PRODUCT OF MULTIPLE 
SITES OF ORIGIN 

Edvvvrd I McGrvth, MD, Edvsvrd A Gvll, 31 D (by inmtvtion), 

V\D DyLE P KEssLER, MD (b\ iwitvtion) 

Cincixnvti, Ohio 

A I VR(,L segment ot opinion has long held to the principle ot the unicellular 
or uniccutiic oiigin ot neoplasm Undei the influence of Cohnheun, 1 
Mallorv, 5 McFarland, 2 and Kettle,* to mention onh a tew, this hvpothesis has 
been widclv accepted Others, however have tiom tune to time disputed its 
vahditv In lecent vears 'Willis'* has gathered a formidable bodv ot evidence 
indicating the origin of tumors tiom multiple sites and has, hinisell, 9 provided 
convincing data supporting the eailiei work of Lohnier 5 in lelation to tumors 
ot the lip and skin Mam similai obseivations J 1 have served to suppoit the 
principle ot the multicentiic origin ot neoplasm in other aieas 

Save tor the diffuse torm of so called alveolar cell carcinoma, however 
little attention has been directed to this phenomenon in the ease ot pulmonaiv 
neoplasm Isolated case reports have cited instances ot multiple gross and 
microscopic piimaiv carcinoma in lungs 15 22 but onlv m the meticulous studv 
i irrnd out hv l mdberg 23 = * has there been evidence ot a more than sporadic 
incidence One suspects that lailure to obsetve this phenomenon as a common 
"He niav he ittributed in lirge part to the custom ot reiving upon sections tiom 
'inall blocks ot tissue removed duectlv irom the presenting tumoi and tiom 
obvlouslv invaded lvmph nodes The possibilities inherent in the studv ot 
hromhioguiic c ucinonn tlnough the medium ot laige tissue sections vvetc 
hi uitmilh demonstrated he tote this Association in 1949 hv Phillips, Adams 

md tin lr is>ou ites ' 2 

s, niu 1947 tin Departments ot Surgeiv and Pithologv at the Universitv 
1,1 1 nnmnati hivt bun engaged in i senes ot studies utilizing stub large 
'“turns \ hm i nt invest union oi e truiioma ot the stonuch' 21 hv this means 
r * v* \l<e\ m unsuspected treipuncv ot multiple moplastu zones and stimulated 
"ur mtcri>t m ipplving this tcclmi<pie to bioiKluogenu carcinoma 
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In 4 instances the lesions weie bionclnal adenomas, in 1 tlieie was a hamartoma, 
and iu 2 the piocesses weLe diffuse lesions of unusual natuie These iveic e\ 
eluded, leaving 87 specimens which weie utilized as the basis ioi this report- 
all examples ot indisputab'e bionclnogenic caicinomi 



FlS 1 4—Bronclilogenlc carcinoma occluding a bronchus in the right upper corner 
the photograph The upper lobe Is atelectatic the lower lobe the seat of set ere bronchi ecu' 
The Ink dots Indicate the approximate extent (0 9 cm ) of a contiguous plaque of promt 
carcinoma ( Xl - ) 





Ig 1 1 


Fig 1 B —High power slew of the contiguous plaque of prelntnslte carcinoma In ^ B 
I* plthellal ntypism and the Intact basement membranes are noteworthy (X-> u • 

Fittc ot the specimens weie obtained at autopst and 37 h\ suigical eNClsl °j 
The lungs weie dehtcicd tor piocessing as soon as possible attci leniotal m 
in eftort was made to pioctuc locntgenogiams ot the inflated spccimcu-s horm** 
lin, 10 per cent, was introduced into the maioi bionchus at low piessure, ami 1 
entire specimen was immersed in tats ot this Hunt until fixation was eompm 
Full length sections tlnougli tlie cancel-bearing lung were then prepare' 
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•'Uih a nuiniei as to contain tho bulk ot the neoplasm as much as possible ox 
tin bronchus to which it was telated, and adjacent nonneoplastic pulmonarv 
tissue The aiea ot the block was limited to S b\ 12 cm bi the size ot the 
cour slips It ncussan the tumoi was dmded m oidei that a iull-length 
section ot the peitinent bionclnis could be retained m continmtc with the 
tumor The nuiubci ot such blocks lanarcd Horn 1 to 4 pei specimen in the 
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OBSER\ V'L'IONS 

Ill the eailiei study on the stomach 19 3 microscopic featmes had prmed to 
be of significant inteiest and the piesent investigation has been dnected along 
similar lines The features sought weie (a) the piesence of neoplastic alterations 



Fig 3 A —Carcinoma straddling the bifurcation of a primary bronchus, 
between the single ink mark and the bracket la nonneoplastic. The bracket 
position of an Independent focus of carcinoma, (xi 2 ) 


The mucoM 
outlines 



ot nmioscopic ihai.iitei in the mucosa linmediateh adjacent to the iuitm° inJ 
(b) the occuncnce ot liidcpciulcnt foci ot neoplasm oi both gioss and lilicioscup 1 
nuluic, and (c) the nitiatumoi raiiations ot Instologic gioutli patterns 
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In 13 specimens the bronchial mucosa in immediate continuity with the 
mam tiunor was louud to be the seat ot preimasice squamous cell carcinoma 
( Fias l and 2) This lesion was chaiactenzed b\ metamorphosis ot the normal 
bronchial epithelium into biznne stratified spumous epithelium evhibiting 
nuclear mpisni mitotic figures in abundance cellulai pleomoiphism, and loss 



hxrf'in A 1 ~7 \ f-erti «ll> t-oll ip-e»l lobe ‘li-tal to an crea of neoplastic bronchostenosis not 
" , - . 2 > botocrnplu In the upper left han.l corner U the bifurcation of a bronchlectaUc 

thr 'A7 . . ni ^ u £ vit1 . 1 PUfub-'m exuaatc Tin ink .lots .IcOgnute the location of 

e m It i- n lent foci of n -« pit cm 3 r an l 5 u cm tlislul to the major tumor 1 <1 A ) 




ntr-u t |w l 
main * r * f t } 3 


i tit n 
br< nt'hu 



276 


THE JOLRNVL OF THORACIC SUROERA 


of orientation In geneial, the piocess was limited In nil intact basement mem 
brane (Pigs 1,5 and 2,5) Otcasionalh the alteiation appealed also within 
the ducts oi biontlual glands snmlai to that seen in taiuiioma m situ of the 

i 




i Go l—A segment of lun? the upper hi onehus of \\ Jiich is the scut of ^o°ctu. 
The ink dots represent the location of two Independent foci of neoplasm oO anu 
proximal to the in\asi\e cancer (XI 2 ) \ 

(X90^** —One of the independent foci of preln\asi\e carcinoma shown 


cer\i\ of the uterus Rateh, the basement numluanc was biceched hi supertu 13 
invasion, tlius attesting to the malignant pot< ntialitv ot the lesion Becaii' 1 
of tlie slielfhhe chaiaetci ot the piotess ind its intimate lelition to tIn- nlilin 
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tumoi, ve June designated tiie alteiation as the contiguous-plaque phenomenon 
When more than one maigin ot a tumoi was included in sections, contiguous 
plaques occasionalh appealed in moie than one site The> langed in breadth 
tiom 1 01 2 mm to as much as 7 era bexond the obuous limits of the tumor 
There weie also found in 19 specimens identical microscopic loci which, 
howevei,lacked continuitv with the main neoplasm Belies ed to be independent 
growth centers these small plaques of pieimasne caicinoma weie sepaiated be 
\ arcing distances ot unalteied mucosa (Figs 3, 4-, and 5) Indeed the inter\en- 
ing space ranged iiom 1 cm to as much as 10 cm and occasionalh 2 to b such 
lesions weie detected Noi weie the\ limited to the bionclnis ot majoi in\ohe 



^ is b 1 v bronchiogt;nic carcinoma obliterating the lumen of a bronchus in the right upper 
corner The ink dots indicate the areas In which different histologic patterns are seen 


'•lent, but appealed in suboidmate branch bronchi both pioximal and distal to 
ihe cancel and e\en in otliei lobes m which no neoplasm was suspected on gross 
inspection Though usuallv ot small extent (i e, a single low-power field 
I ’ lgs ^ a nd 4,B), some ot these lesions measnied up to 3 cm As was the 
case with the contiguous-plaque phenomenon shallow linasion was obserced 
»n occasion 


Both the contiguous plaque and the independent microscopic lesions ap 
beared m the same lungs m 7 specimens In 25 otheis eithei one oi the othei 
piocess alone was encounteied In 5 additional lungs 2 grossh visible independ¬ 
ent caiemomas weie obseiced 


w1,h, i , 6 lalge Sectl0U technKllle " as Paiticularh demonstrated 

!* ' the histologic stiuctuie ot the neoplasms was sciutmized \lthongh 
I ecinioiphism has been ramaiked lepeatedlv in bronehiogemc caiemomas 30 the 
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degiee actually obseivecl m this senes was most impiessne Less than half ol 
the neoplasms (42 specimens) levealed onlj a single type ot aichitecture 
thioughout In the lemainmg 45 cases, as shown m Table I, 116 different 
stiuctuial patterns ueie encounteied In manv, of course, the vanation might 




Fig- SB — High power %fe\\ In region of an ink dot in Fig 6 A The pattern^ ta |, e n 
that of a small cluster alveolar carcinoma ( Vll high power \leus In Figs G ana i a 
at Identical magnification ) tterra 

>Ig GC —Another focus in Fig G 4. allowing an undifferentiated nonorganoid P° • 
hlg CD — \ third structural pattern in ilie tumor shown in Fig 6 4. Here the 
H a well differentiated adenocarcinoma 

he consideied to he one ot degices of differentiation ot a single tvpc of tell 
But m i goodh nuinhei no possible de\elopniental 1 elationsliip could he a 
uted to tlie 2 01 moie patterns noted in a single tuinoi mass (Figs 6 and <1 
In this eutegoix i\eie combinations ot an ell diftci entiated squamous cell <- jr 





MC isKVTU FI Vl« UHONtUHXtbNK CVKLlNOMV - r 

unonin with eipuilh well differentiated ademuaumimm spindle tell idxeohu 
wuvmoma m association with oat cell laiemoimi annplnsiu giant celt laumoma 
or even iomiless clusters ot signet-unsi eaieiiioiiia 

The iv woic 2 pittenis evident m 27 tumors d m lb uisis and 4 m a 
pvttirns in 6 instantes Despite the miuhtil intei mixtuie ot patterns tieipientlv 
encountered the use ot the iltsa.iitins nmrosiope unrated a geogiaphn distnbn- 
tion ot sneh nvtvne as to nvduiue tint this oietuied oulv at points ot juxtaposi¬ 
tion As one mot cd aw ax twin these /ones one oi anothei \aiiiut beiame pie- 
dominant mid lelntivelv distiete Oiten one oi mine patterns lenuied m 
different poitioiis ot a tumot pi odium" a inosue stimtiue l siiallt howetei 
eaih t\pe occupied its own segment and was not leument within the tninm 
mass itselt, although it was otten lepiodueed m one oi mine metastatie sitis 



He T l 
murUn 
in Oils legion. 


—-BronchlokuUe uxrctixonxn vnurln^ Uu Unwux oC a \\u\jor Uu>v\v.Uua Vxx l\u 
of tl»c DluxtoKruplv. Ink tUUa rum^ent Uu art of vmlul hUtoloKJ olkurxnl 


UKtl 5>i>lON 

liitnmeophistii pleomoiphism is lominonlt umsideud etuhiue ol tumoi 
u'll inultipotentuditv This need not hovvevn, lmnuablt he the case It one 
tisimlues the pauoniniu distnlmtion ot patterns m a given tumoi In me ins 
ot the disseeUng mu rose ope nudtipotcntuditx dots not alwats ippeai tube i 
"glial explanation toi the existing uningement I'udei these eiuuiustavues 
h would seem moie leasonnhle to attnbute the phenomenon to eoaleseenee oi 

riULt I PULMOXlltV CtUIXOMt Smeril \! PlTTHx 

i tv~jx~ 

- tv pis 
1 It pis 
l tt pis 
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U l IH - 
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t i i-es 
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2 01 more neighboring neoplasms, each oi which aiose independently and with 
diffeient polarization Thus there would lesult intcrnmtuie of structural 
types at points of impingement but retention ot the ongmal aielntecture 
throughout the lemaindei of the lesion 
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the ST eases weie none ot the teatuiex consiileied eontvibvitoi\ to this hvpothesis 
detected The evidence becomes e\en more convincing when one appreciates 
the fact that in mail' cases in which the pertinent lesions weie observed thei 
appeared in onh one ot several sections while m othei tumois m which none 
were lonnd onlv single blocks had been sectioned In the gastric carcinoma 
studv when additional blocks were made in stomachs which had tailed to exhibit 
the lesions searched lor thee otten became manitest m sections prepared in 
othei areas Thus there is leason to believe that scnal sectioning ot the lungs 
also would probable inciease the incidence rate 

Tlieie exists doubt m some quarters that the pun ess termed preimasive 
carcinoma is an irreversible one and mcvitablv pioceeils to the invasive state 
Frank albeit earlv, invasion was observed to stem tioni seveial in situ plaques 
in this series (Figs 3 B) This In no means settles the problem ot inevitnbil 
itv of invasion hut eertamlv sill xtantiates the concept oi malignant potcntialitv 


TcBLE n PCLMON VI \ CVICINOMV EVIDENCE COR MCITICLE SITES OF ORICIN 


Xone 

Multiple geo's neoptisuia 
Independent toci nxiiro'^opn. ueopl iscu 
Contiguous plaque phenomenon 
Varied hiatologn pattern _ 


m] 

SJ 


35 cases 


5 t ci'es 


Iii this lespect it is important that we claim the distinction between piemvasive 
carcinoma and squamous metaplasia oi bronchial mucosa In the examples we 
have accepted we believe the distinction to be unequivocal (Fig 4 ,B) Squamous 
metaplasia was an exceedmgh common occurrence in these specimens and though 
occasionally exhibiting isolated cell oi nuclear atvpism, such areas alwavs ap¬ 
peared to retain both polantv and orientation and raieh revealed significant 
mitotic activity So lar as the data here presented aie concerned, when am 
question existed in this respect the lesion was not classified as neoplastic 

Perhaps the mattei ot distinction between independent neoplasms and 
metastasis requires turther clarification Among the small group of grossh 
recognizable lesions, this distmction could not he made with certamtv, although 
the relation to bionehial passages and the evtologic variation led us to believe 
that thev were indeed independent tumors The premvasive plaques, on the 
other haud, were so characteristic were wholh unrelated to lvmpbatic exten¬ 
sions and showed so little smularitv ot architecture to the grossly piesentin- 
tumor that there seemed little room tor doubt ot their independence of origin 


smiivRv 

carcinoma SeLt '° US "" Prepared trom 87 Iuugs containing bronehiogemc 

2 P “ mar ' ““««« ■» the same 

J" Wl " r '. ,IM “ ,h «' »«■' »«mi. on microscopic esammation 

he ma 0t preiIUdsne or earh unasive carcinoma both m close conti-mtv with 
nm ° T °" " S " Ch “ “ “ *» »e eons,a f „ a 
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In 53 per cent of the cases the major piesentmg tumoi contained 2 to o 
different histologic patterns arranged in such mannei as to imply initial 
independence and ultimate fusion of neighboring neoplasms 

The majority (63 per cent) of the specimens examined exhibited one or 
more of the features enumeiated above 

It is believed that the aggregate of these obseivations lends weight to the 
hypothesis that bronchiogenie carcinoma may often arise from more than one 
site and that frequently clinical recognition does not occui until coalescence 
ot independent giowths has been completed 
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DI5CLSSION 


DR J B. MC DONALD, Rochester, Minn—I wish to congratulate Dr McGrath on 
the interesting observations he has reported X wish to reiterate some of the observations 
we have made in connection with proximal extension m squamous cell carcinoma of the 
bronchus We have noted tor some time that between 15 and 20 per cent of squamous cell 
carcinomas of the bronchus show this noniniasive phenomenon pronmallv This is of grent 
importance to the thoracic surgeon because the nomnvasive p irt ot the lesion cannot be 
recognized grossly Therefore, if the surgeon cuts across it there will be a recurrence in 
the stump, and I think that accounts for a great mum stump recurrences in resections of 
bronchiogemc carcinoma of tlie squamous tvpe 

The other thing is that one case has been reported in tlie literature b\ Papanicolaou 
in which the entire squamous lesion m the bronchus was in situ I tlunk this is important 
because in this particular case there was a po-itive c'tologic examination, and many phi si 
cians and surgeons would have accused the cvtologists of issuing a false positive report As 
it was, the case was resected and unquestionable the patient was cured 


DB XL BRODIE STEPHENS, San Francisco—X should like to ask Dr McDonald how 
one can tell from evtolog) alone on which side the eartmoma is ? That refers to the case 
recently reported bv Dr Papanicolaou. 


DR. J R HC DONALD, Rochester, Minn.—That is a ven difficult problem Differen 
tial cvtology on bronchial secretions would help but in differential iitologj, ot course, there 
mav be a spillover from one bronchus to another The onl\ positive wav would be to obtain 
a biopsy, with the chance of obtaining a biopsv bv broncho-s op\ But I do not think one 
shmdd blame cvtologists for even false positive that oicurs 

DR MC GRATH (Closing) —There mav be some answer to Dr Stephens’ question 
In Dr Papanicolaou’s case there had been repeated bronchoscopies on that particular patient 
and repeatedly positive cytologic findings from the same side I would like to utilize some 
of the remaining time to show tables summarizing our findings 

(Slide.) These are the several patterns which wc found, and (Sbde) this shows the 
summaries of the entire study made 

I am grateful that Dr McDonald drew the obvious inferences from this study One is 
emphasis upon the necessity for a high amputation of the bronchial stump Furthermore’ 
it is oar feeling that we are not m the least enthusiastic except under extremely extenuating 
arenmstanees, about lobectomy in the lr-atn.ent of bronchiogemc carcinoma 


THE USE OF SK-SD (VARIDASE) IN THE MANAGEMENT OP EARLY 
POSTOPERATIVE PARTIAL PULMONARY RESECTIONS 

C Thomas Read, M D (b\ invttatiox) 

Phoenix, Ariz 

' I 'HE applicability of SK-SD(Vandase) as a theiapeutic measure against 
1 fibrinous, purulent, and sanguineous collections has been well demonstrated 11 
Used within the thorax the enzymes have been shown to be practical and of 
considerable value in a variety of situations ansing in medical and surgical 
thoracic patients, and pievious reports describe in detail then use in hemothorax 
postpneumonie, and chrome empyemata 4 ' In those reports either total resec 
tion of a lung had been accomplished oi the piesence of lung collapsed bv a 
eoagulum presented the problems undei consideration among the cases cited 
Instances of partial pulmonaiv resection weie not encounteied among the 
leported patients undergoing treatment with the enzymes However, their use 
in one case of lobectomy was accomplished by the authoi in 1949 with a success 
tul result, but a report of two faihues aftei similar proceduies with ex idencc 
of fistulae occuned subsequent to that 8 

Since the enzymes uniquely lyse fibiinous deposits and nucleopiotein, which 
essentially form the framework of the bronchial stump healing processes, 9 sonic 
hesitation has existed in the application of SK-SD to eaily postoperative partial 
pulmonaiy resection cases It has been pointed out previously that a fistula 
max be doimant oi occult and prevented from becoming manifest bv the 
tamponing effect of fibrin oi debris but, with dissolution of the lattei, leakage 
occurs 10 For these leasons when the enzymes aie used after partial pulmonary 
l esections, it is mandatoiy that drainage tubes are in situ and suction is available 
so that the immediate, oi delayed, escape of air and fluid follows Prompt 
le expansion of the lemaining lung tissue can thus be brought about There 
is no evidence that the enzymes create fistulae but only that they become apparel 
when thev already exist, the enzymes have no effect on living cells 11 

Creech De Bakey, and Anispachei, in experimental studies, have shown 
that the use of SK-SD during the early postoperative period following pne" 
monectomv did not interfere with the healing process of either the bronchial 
stump or the ligated vessels when the piocedure was properly performed 
These same authors emphasized the necessity of meticulous pleuralization of 
the bronchial stump as a guard against fistulae when SK-SD was used 
proper pleuralization weie not accomplished, they inferred that bronchial stump 
healing then depended upon the integrity of the clot formed about the stump 
It this clot weie dissolved bv the fibi in-lysing system, the framework for earl' 
healing would be removed and unless an intact bronchial stump were present 

M,r C or* a DMa, 0 /Ve h xn7 h vmr MeetlnS ° f Thf \«oetatlon f«r Thor** 
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a fistula might become manliest These technical points weie consideied essen¬ 
tial previoudj when SK-SD was used in patients following pulmonary resection 
surgerj 10 

ilans surgeons no doubt ha\e had the expenence ot obseiwng good diaui- 
age from thoracotomy tubes eaih postoperatix el} but not infrequently, tot 
some inexplicable leason alter a period ot 2d to -48 hours’ diainage, becomes 
sluggish and finally ceases \\ hen clotting occurs w ithm the tube Roentgenograms 
ot the chest then ie\eal esidences of an accumulation within the operated 
liennthorax and plnsical findmgs reflect the endence ot a space-falling coagulum 
In these situations no amount ot nianeusenng oi manipulation with the drainage 
tubes is ot as ail One then ma\ attemjit aspnation and get nothing oi, at 
the most, a few cubic centimeters ot seious fluid The opeiator must then be 
satisfied with incomplete diainage ot the thoiax and trust that the lesnlual 
coagulum will be absoibed, and the densiti seen bi loentgenogram will iade spon- 
taneoush If the situation is worse thoughts nia) be tumed to decoitication 
attei a reasonable penod ot time has passed and tuithei possible dealing 
appears remote In eithei e\ent a well-peitonned technical pioceduie is maned 
b\ a frustrating complication Laige accumulations within the chest often 
del} piompt attempts at treatment and theietoie demand more attention than 
small collections which frequenth s anish even w ithout aspiration 

With the previous experience gained in the use of the enzvmes m various 
types ot hemothoiax and with the cluneal obsei\ation in one case of paitial 
pulmonary leseetion, elaboration upon the application ot the enzmies in similar 
situations, where then use might be indicated, appealed justified It was 
reasoned that b> controlling leakage ot an and fluid with diainage bottles and 
suction aftei the instillation of the enzymes the behavioi of the remaining lung 
tissues would lesemble that lmmediateh following operation Under these eon 
ditions le expansion could take place without the presence of excessive amounts 
ot fluid imbued with, coagulating tendencies 

Six eases of partial pulmonale leseetion, m which evidences ot coagula 
existed, treated eaih postopeiatneh with the stieptococeal enzvmes, constitute 
the substance ot this report The cases included aie as follows 


1 Right uppei lobeetonu and leseetion ot the supenor segment of the 
i ight low er lobes 

2 Basilai segmental resection left lower lobe 

2 Right uppei lobectomi and enucleation ot caseous tuberculous toei trorn 
the supenor segment of the right lower lobe, and decortication ot the imht 
tower and middle lobes 


4 Apical and postenor segmental resection right upper lobe with decorti¬ 
cation right middle and lowei lobes 

„ Ap„-al ™ d I*”'™* resection right upper lobe tilth encolen 

01 ,be ,,sht upp “ ^ 
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It is to be noted that m addition to paitial resection of lung tissue several 
combined procedures were performed such as enucleation ot tubeiculous foci 
and decortication of the lemaming lung tissue 

With so few cases, no claim is made foi diamatic lesults having been 
obtained in the foim of complete dealing by loentgenogiam and physical 
findings Howevei, the piogiess of the patient was enhanced in most instance, 
and neithei ill effects relative to fistulae weie inclined noi was wound healing 
jeopaidized 

The diseases encountered at opeiation, and diagnosed lnstopathologiealh, 
were tubeiculosis, thiee eases, coccidioidal gianuloina, two cases, and bron 
chieetasis, one case Cultuies foi pyogenic organisms and acid fast bacilli 
weie lepoited negative when fluids were submitted foi examination In no 
cases was theie, at the time of tieatment, eithei laboiatoiv 01 clinical evidence 
of an infected hemothoiax 01 empyema 


MATERIALS AND METHODS 

The stieptoeoccal enzymes (now known as Vandase) used in tins stud' 
weie piepaied by methods descubed bv Chnstensen 1J and modified be Lederle 
Laboiatones, Inc* to meet commeieial production lequnements 

Coagula ioinung within the postopeiative chest aie composed ot blood 
clot, fibnnous gel accumulations, and a combination of pioducts of exudation 
It infection takes place empyema muv be the end lesult In the situations 
undei discussion no evidence of infection was piesent and the substiate requiring 
dissolution was sanguineous 01 fibnnous m quality The stieptokinase com 
ponent in the dual enzyme system was theiefoie the important factor w 
management ot the pioblems undei consideiation The piesence of the strep 
todornase inclement does not detiact tiom the action of streptokinase I s 
noted previously laboiatoiv eontiol measuiements aie not neeessaiy for the 
in actual and effective clinical application of stieptokinase except m infrequent 
instances 4 

Dosage —Details lelative to mixing the lyophilized matenals and data 
concerning the dosages emploved aie outlined in a pievious aiticle 4 F° r *' ie 
inesent gioup of cases at least 100,000 units pei injection of SK SD " ert; 
employed When the largei drainage tube nas selected the enzymes " elC 
dissolved in at least 30 c c of saline and if the smallei diamage tube was chosen 
20 c c of diluent was used In onlv one case was the tieatment with ie 
enzv mes repeated 


SUMMVRX 01 DAT V RFLATIVE TO THF 1REVTMFNT OF PATIFNTS 

Opeiative Technique —The anesthesia was conducted with an endotiaclw^ 
tube in place and usualh consisted of nitious oxide, oxygen, and pentothal "> 1 
svncuime induction All the opeiations weie peifoimed thiough the 11 s11 


lislv 

lobe 


posteiolateial approach with silk technique The lib msot advantugeo 1 
situated ucai the diseased area wus removed subpeilosteadv For upper 

•Lederle Laboratories InL Pearl River X V supplied the material uaed in tlila 
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disease frequent^ the louith mb was lemored Iudnidual ligation technique 
was used on hdar and subhilar strneUues The bronchial stump x\ns meticu¬ 
lously and thoroughly pleuralized In segmental 1 ejections no attempt was 
made to pleuralize the lau surfaces Betore closme a No 22 French cathetei 
with two holes was introduced tluough the second antenoi interspace and iixed 
to the cupola ot the hemithorax A large ienestrated latex mbbei tube was 
introduced through a subjacent rib space and this n as connected to a w atei 
seal during closure Both tubes were connected to uatei seals and suction 
was added during the eail' postoperative eourse Coutioiled suction was 
available at the time ot tieatment with the enzymes All the patients lecened 
penicillin pre- and postoperatneh and those with a diagnosis ot tubeiculosis 
in addition received stieptoimon One patient also leeeived ten ami cm 

When a patient was selected tor treatment one ot the diainage tubes, usualli 
the lower one, was clamped oft approximately 2 niches fiom the chest wall 
The length ot tube pioximal to the clamp was then painted with Merthiolate 
or with auothei suitable antiseptic agent The dissoh ed enzymes n ere draw n 
into a sinnge with additional saline and ioicibh injected into the chest through 
an attached 18-gauge needle inserted into the tube tluough tbe piepared aiea 
Ii the smaller uppei or antenoi tube was used the nnxtuie was mstilled simph 
hi attachmg the syringe to the lumen ot the tube 

Although streptokinase, when instilled immediateh actuates the hsmg 
system responsible tor the dissolution ot fibrm loculations and Is sis ot coagula 
within the thorax the completion ot the process occurs at \anable penods of 
tune This tune factor is essentially determined by the physical ionn of the 
eoagulum and the extent of contact between enzymes and substrate 3 4 How- 
e\er, a considerable portion ot the expected l\sis may oecui within thiee to six 
hours and this treatment time was arbitvanh chosen tor the cases obsen ed in 
this aitiele 


C'aretul obseirations were made ot the patients treated and, it the clnueal 
picture necessitated termination ot the treatment, the tieatment time was reduced 
accoidmgh Howeiei, this oecui red on ouh one occasion but in anothei in¬ 
stance at the end ot six houis one patient had some lespiratoiy difficulty which 
"as udieced b\ the opening ot his drainage tubes with the accompanying escape 
ot air and hind Obsen ations were made loi the escape of air when one tube w as 
clamped og, the otheL remained open and measuiernents were made of the fluid 
presumably produced as the result of the action ot the enzyme sy stem In addi¬ 
tion to frequent physical examinations, chest roentgenograms were made as soon 
alter treatment as possible and subsequently as indicated 

h'ntoyyard manifestations directly due to the use of the enzymes tor the 
most part consisted of rather prompt use m the temperature, usually about 
- t The lebnle lesponse lasted only about tnenti-iour hours by which time 
e fern had reached a peak and diopped precipitously to the ongmal nre- 
ra meat ley el or lower AUnoi toxic manifestations consisted ot loss ot an 
l etite malaise uni a tew patients complained ot mcieased parn P 
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CLINICAL RESULTS AND CASE REPORT'S 

Patient Mas G B —Tins 43 year old white woman had known tuberculosis since April, 
1949 A roentgenogram then revealed cavitary disease in the right upper lobe Followup 
the discovery of her disease she was hospitalized from May to July, 1949, ami a nght 
pneumothorax was attempted She received 1 Gnu streptomycin twice a week and Pnramino- 
salicylic acid during this hospitalization She was discharged on modified bedrest She con 
tinued her modified bedrest at home for a year and one half when she again began to 
increase her privileges although the roentgenogTam at that time did not show complete heal 
mg of the disease in the right upper lung field In June, 1951, her sputum was re-einnnnel 
and found to be positive for AFB A roentgenogram of the chest revealed heterogeneous 
densities in the right upper lobe region with areas of mdiolucency Her past history mu 
noncontnbutorj except that m January of 1950 she was found to have mild diabetes jnl 
required very small doses of insubn on occasions but usually the dnbetes was controlled hr 
diet alone 

Physical examination and review of the roentgenograms disclosed evidence of ihnmic 
tuberculosis fairly well confined to the right upper lobe region 

Operation July 1£, 1951 —The apical and posterior segments of the right upper lobe 
were found to be markedly shrunken, nodular and firm. There was a complete pleural 
fibrous symphysis over this region ind extrapleural dissection was necessary The antenor 
segment of the right upper lobe was reduced in size and in addition presented two large 
nodular areas within its substance Focal areas of disease were palpable in the superior 
segment of the right lower lobe A right upper lobe lobectomy and a superior segmental 
resection of the right lower lobe was pel formed A catheter was introduced anteriorly and 
fixed in the cupola of the hemithorux and i large fenestrated latex rubber tube wns intro 
duced posteriorly for drainage purposes 

Histopathological diagnosis Tuberculosis 

Postoperative Coarse —The patient’s temperature rose to 104 F (rectalh) b' the 
second postoperative day but thereafter fell by lysis ind was low grade by the fifth l"*’ 1 
operative day Both water seal bottles connected to 15 cm of water suction drained nui 
and air in moderately large quantities through the secoml postoperative duv On the thiro 
postoperative day there was very little dramnge and no further air leaks were noted B' 
the fifth postoperative day the lower tube had stopped functioning although the upper In'* 1 
lontmued to drain small amounts of fluid The lowei drainage tube was removed that ' 
but the roentgenogram taken at that time disclosed evidences of either fluid or a longulwn 
in the lower lung field The breath sounds lmd gradually become more diminished 0 
the eighth dnv additional roentgenograms of the chest showed nicreiised amount of final 
the operated chest and on attempted aspiration only 10 cc of bloody fluid could be nspimt 
from two posterior sites (Fig 1) 

The anterior tube had stopped draining \mpules of SK SD(Vuridose) were inJ" 1 *' 1 
simultnneouslv into the anterior tube and into tin chc-t where small amounts of bloody a 
could be obtained The upper drainage tube was ullowid to remain open On Tub - > 
twenty four hours after the injection of the Varidnsc, 500 c c of fluid had drained iuto ^ 
bottle and, in addition, 75 cc of fluid was aspirated from a selected posterior site 1 
following dav, July 23 (three days after SK SD), roentgenograms and fiuoroscopv reve» e ' 
verv marked clearing of the hemitliornx (Fig 2) 

The upper tube was then removed and the patient wns discharged three davs later, 011 
July 25, tor further convalescence 

Tlie putient was seen lnternuttcntlv one month, tlirt e niontlis, ind eight montlis folE* 
ing operation Bv fluoroscopy and roentgen examination, the operated chest continued W 
show clearing and her postoperative course was considered eutirelv satisfactory (I*B 

A subsequent report from her physician indicates that the patunt tins negative putum 
und eoutmues to be res-ovenng satisfactorily 

Comment—Tins patient had resection surgerv tor tuberculosis uud pcctoperuti' 1 ' 
presented evidences of incomplete drainage of the operated hemithorux with roentgen evidence 3 
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of increased opacity of the operated side and diminished to absent breath sounds on physical 
examination. Following the introduction of Yaridase there was a prompt drainage of tie 
liquefied eoagulum. with a small amount of leakage of air which permitted complete re-expan 
Sion of the remaining portion of the lung and no evidence of chronic fistula was ever en 
countered Follow up has been continued for approximately eight months and there is con 
tinued clearing of the operated chest without evidence of recrudescence of the disease 


Patient 0 J—This 27 year old white man had left lower lobe pnoumoma at the agi 
of five years He had cough and sputum ns long as lie could remember and lus sputum was 
frequently purulent and varied m amounts Intelnnttent mild liemoptyses occurred for 
almost ten years 

Essential physical findings were confined to the chest where numerous rlionehi and 
medium moist rales were heard over the left lower lobe posteriorly The bronchogmphn 
examiuatiou disclosed cylindrical bronchiectasis in a shrunken basilar division of the left 
lower lobe The remaining portions of both lungs were within normal limits 

Initially the patient brought up over an ounce of purulent sputum daily but with anti 
microbial therapv and aerosol penicillin this was reduced to scant amounts of mucoid sputum. 

Operation, November 5, 1051 —A segmental resection of the basilnr segments of the 
left lower lobe was performed The chest wns drained only with a large posterior tube in this 
instance and no anterior tube was used 


Postoperatne Course —The tube bubbled for about foity eight hours and drained about 
500 c c of bloody fluid Tracheal suction wns performed frequently following operation. His 
temperature rose immediately after operation and reached a maximum of about 303 0° I on 
the fourth postoperative day His breathing on the third day was somewhat difficult despite 
tracheal suction and bronchoscopy Roentgenographs of the chest showed a marked opacitv 
in the left hemithornx and SK SD was instilled into the posterior tube Subsequently there 
slight clearing with drainage of 200 c c of fluid but two loculnted areas appeared anteriorlr 
and superiorly over the left upper lobe Aspiration was of no benefit The tnbo wns 
removed on the fifth postoperative day By the sixth day it was quite evident that a large 
eoagulum existed over the left upper lobe Additional taps failed to yield any fluid Tim 
temperature wns 103° F from November 11 to November 14 

On Nov ember 15, the chest was reopened and decortication was performed l Pi* r 


and lower tubes were inserted On November 10, the day after decortication, 


additional 


SK SD wns instilled into the upper tube and there was a prompt drainage of about 300 of 
of fluid in the lower bottle On November 19, the tubes were out, but there was son" 
increased densitv over the lower lung field The temperature agnm rose to 103° F and there 
were a few rales in the upper chest However on increased medication including terrnmvci 
and streptomycin the temperature fell by lysis and wns normal during the subsequent font 
eight hours The sutures were removed on November 21 and roentgenograms on November - 
showed very much improvement All the cultures obtained from the chest were negative 
The sputum disclosed an organism resembling nerobneter nerogencs The patient was '1'* 
charged November 24 for further convalescence and 1ms shown rnurked clearing m , *' f 


operated side He returned to work and has had no further complaints 

Comment —At the time of the second thoracotomy it was noted that tho onlv clean 
pleural surfaces existed in the region where the posterior tube had functioned Tho enlarg^ 
superior segment of the left lower lobe showed n small area of induration adjacent to 
dinphragm to which it wns firmly fixed The segment was well aerated and could be ea? 
rcinflnted whereas the upper lobe which wus covered with the recently formed pea* nni 
fibnnous exudato was difficult to reinflate It is to be noted that although SK SD tta -* 
instilled into the lower tube complete liquefaction of the eoagulum in the entire liemit , ' onLf 
did not occur This wns thought to be due to the fact that early organization laid begun 
and limited the area of treatment, preventing the cnzvmes from permeating the collect 1011 ' 
nnteriorlv and supenorlv over the upper lobe region. Bee iusc at the timo of nspuntmn D0 
definite evidence could be obtained that the needle was in an area of fluid or coiigul un 
enzvmes were not instilled into this region In previous reports a word of caution wa^ 

rendered to make sure that the needle wns m the proper position and some fluid could * 
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aspirated be to re the eiuvn.es Mere instilled Observing such precaution prevents the injection 
ot the enzymatic solution into the tong parenchyma. In tin tare u an interior tube had been 
used perhaps the toregomg complication could have Wen circumvented 

An additional point to be gained in this situation, although not classihed im an example 
oi successful treatment with the enzvtue-, is that on the dav tollotving detortuation enzymes 
were instilled into the operated area in an effort to hasten the liquefaction of am residual 
or aewlv tormed coagulum. Despite the short interval (one da\) between operation and the 
o_e of the enzvines there was no evidence of leakage through the thoracotomy site and the 
healing uf the wound occurred unaltered The patient nits examined approximately hie 
months alter operation and has shown almost complete clearing ot the operated chest 

Pxtient \tei H G—This 27 tear old white woman was first examined on Julv 17, 1951 
In if arch 1951, the patient was -ecu b\ her phisuinn for what was diagnosed as a ‘strep 
throat ” She had a moderateli productive cough ind some evidences of sinusitis She lmd 
tost some weight and had malaise Sputum obtained b\ the phvsician was positive for acid 
fast bacilli. A roentgen examination or the chest disclosed evidences of fibroulcerative 
tuberculosis oi the right upper lobe and a large nodule subjacent to this region thought to be 
in the superior segment of the lower lobe In Janutrv 1U-IS, when this patient was hospital 
lied for childbirth roentgenogram of the chest disclosed a similar large density m the right 
upper lobe region. At that time she had no <vmptouis and the roentgenographs were inter 
preted as showing chrome pneumonia. 

Positive phvsical findings were confined to the chest uhere dullness to percussion over 
the nght upper lobe was apparent Breath sounds were harsh in this region but no rale- 
were audible The left side was entirely negative 

Operation August i, 1951 —Upon entering the right hemithorax a complete pleural 
svmphvsis was tound. The right upper lobe was found to be shrunken, airless, nodular, and 
linn. A thin nbrous envelope surrounded the lower and middle lobes when rliev were freed 
The right upper lobe was removed bv extra and intrapleural dissection. The major and minor 
fissures were incomplete and sharp dissection was necessarv to remove the upper lobe rrom 
the contiguous portion of the adjacent middle and lower lobes One large firm nodule was 
palpable in the superior segment of the right lower lobe and this ivas enucleated. A second 
'mailer nodule inferior to the larger one was likewise enucleated. The areas m which the 
enucleation was accomplished were approximated with mattress sutures of fine silk. The 
fibrous peel over the remaining portion of ihe lung was removed bv blunt and sharp dissection. 
This permitted good Te-espansion of the middle and lower lobes on re-inflation. It was noted 
then that there was poor aeration ot the firm -u pen or segment ot the lower lobe Tbe chest 
was dosed in the usual manner and posterior and antenor tubes were inserted foT drainage 
purposes 


l 

i- 

r 


Postoprratue Course —During the fir^t postoperative dav the breath sounds over the 
operated -ide were sansfactorv Tbe usual amount of drainage into the water «eal svstem 
ana hubbbng indicating air leakage continued for the first twentv four hours Late the 
fi t*t postoperative dav a leakage in the large drainage tube was discovered where if was 
attached to the glass tube. This leak was repaired but on examination of the chest the breath 
'uimdi were found to be diminished and poor drainage from the hemithorax was suspected 
On the cecond postoperative dav, August U, roentgen examination showed an opacitv over the 
^Qtire operated ^ide (Fig 4) 


Because of the preceding events and the possibility of eoagnlum havnm collected 
'■bin the operated chest, ampules of Vandase were instilled into rlie upper‘’and lower 
“ , U the plaa at that t,me t0 leav « them clamped for a period of from four to 
breath* 1 wul "If h0arS lhe eom P la ’ a ed of some shortness of 

tta J lT cf'' 1 ' ! ’ :Ua - 11 Waa th0Qg!lt That ,ler “^plaints were more apparent 

’be vSo! hTh a u!iT Pt T W ° re aCCepted " )WBS fide and ^ee houra after 
ahem mn ^ ' ^ ,e toWs were Th ere was an immediate escape or 

the ri CC duld aIld a Bubbles of air into each drainage bottle On Ancn r - 

- ^ xz ~ 


i 
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that time was removed On t]ie fourth postoperative da), there had been approximate!) ot> 
to 75 c c more drainage into the lower tube drainage bottle and physical findings indicated 
that the breath sounds were improved and roentgen examination revealed some clearing Tie 
lower tube was removed later that day After the instillation of the Vandase the temperature 
promptly rose to 102 8° F but m twenty four hours it had subsided to 100° F and there 
after it continued as low grade to normal On the sixth postoperatne day the breath 
sounds were good but some haziness on the roentgenograms still existed (Fig o) Aa 
aspiration in the posterior axillary lino on the day failed to yield any fluid 

Because of the existing density m the upper portion of the hennthorux, its failure to 
clear with the treatment outlined and due to the fact that an upper lobe lobectomy had been 
accomplished, a modified thoracoplasty was performed on the seventeenth postoperative dav, 
August 21 This operation consisted of removal of the entire first nb and segments of nls 
two and three The transverse processes and posterior nb stumps were left intact The 
patient made an uneventful recovery from the thoracoplasty and was discharged on August 
28, one week following the thoracoplasty and twenty four days following the lobectomy 

The pathologic specimen showed fibroenseous tuberculosis and the nodules submitted 
for examination showed caseous centers 

At follou up one month and three months after surgery she li id made an uppareiilh 
uneventful recovery Sputum bv culture was negative for acid fast bacilli Boeiitgeaognim 
continued to show clearing in the operated chest (Fig (1) The last follou up on this patient 
was in March, 1952, almost eight months after operation, at which time there was endears 
of continued improvement 

Comment—In this particular situation it was thought that due to the leakage of the 
drainage system a coagulum had been permitted to form and Variduse was used to hque t 
this coagulum and permit further drainage The persistent haziness over the lung 
thought in part to be due to the pleural reuctiou since this patient lmd decortication of t e 
envelope of fibrous tissue described nt operation No evidence of fistula became mamfe-t 
and satisfactory re expansion occurred and progressive clearing by x ruy examination wns 
evident 


Patient Mrs O C—-This 34 year old white woman had known tuberculosis since 
Following a brisk hemoptysis her sputum was found to be positive A roentgenogram 


1941 

showed 


a cavitary lesion in the right upper lobe area She was hospitalized in December, l‘Ml> jn 
a right pneumothorax was instituted She remained in a sanatorium for approximate!! one 
year and the pneumothorax on the right was maintained About a year and oue half H e 
she uus told that her disease was healed and the sputum was negative Following a P re lf 
nancy and a hysterectomy' in November, 1943, her sputum was again found to he positnc 
Hemoptysis recurred in January, 1944, aud she re entered u sanatorium A right pluc' 1 
crush was performed m 1945 After continued bedrest, the sputums were said to he ne l’ l ‘*'' V 
for acid fast bacilli on culture and the disease was thought to be arrested She gained u u 
twenty pounds und was working us a student \ ruy technician when slu was re exnw> 
in June, 1951, following some streaking, und the sputum was uguin found to he positi'e 
At the time of the examination m June, 1951, she had minimal sv mptoms ind scant re S 
ind sputum 

Physical examination yielded contributory findings only m the thorax On lupcultutieu 
over the posterior right upper lobe region the breath sounds wore of increased mtcusitv 
idventitious breuth sounds were heard The left side was completed negative At fimno 
■-copic examination tin right diaphragm was seen to move sluggishlv On roiutgeu exumiuu 
tiou, heterogeneous densities were present m the right upper lobe region po-ter 
Tomography disclosed evidences of a cuvitv m the apex of the right upper lobe 

Operation July JO VJ51 —On opening the ri^ht bcmithorax a total aud comphte llbroii- 
pleural svmplivsis was fouml to exist When the lung was freed it was noted that n a '^ 
thick fibrous envelope enclosed it The pleural peel vv is suliscqucntlv stripped from 
rewuiuing portions ot the lung following the resection of the apical and posterior segme nt ^ 
A few small nodules were fouuu in the extreme posterior part of the anterior segment 
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these were removed with the resected segments The lung re expanded adequate!) and no 
collapse of the chest wall was thought to be necessary The hemithorax was closed .a the 
usual manner and anterior and posterior drainage tubes were inserted 

Histopathological diagnosis Tuberculosis 

Postoperative Course— The upper drainage tube bubbled less than twenty four hoim. 
e ower tu no longer bubbled air after thirty six hours and there was no apparent drainage 
from either tube thereafter On roentgen examination increasing opacity of the cheat trai 
observed and the breath sounds became markedly diminished On tho third postoperative 
<R), July 23, it was thought that a coagulunt existed within the chest with clotting in the 
tubes and further drainage was not likely Therefore an ampule of Vandase was instilled 
into t ie lower tube which was clamped off The upper tube was allowed to remain open, 
our ours later there was 250 cc of drainage from the upper tube The lower tube was 

^i, Crl r 0 ^ 0ne< ^ C C bIoody ^ ul< ^ drained into the bottle Roentgen examination on 

the fourth postoperative day, one day following the instillation of the enzymes, showed onlr 
pa ia clearing but there was very marked improvement on physical examination (Fig /) 

Breath sounds came through adequately at this time The patient's temperature before 
the instillation of the SK SD was 100 4° F Within eight hours after injection her 
temperature rose to 103 2° F and fell by lysis to 101° F the next da) and it became low 
grade within forty eight hours Because of no further drainage from the upper tube it wu 
removed on the fourth postoperative da) , one day following the instillation of the enzvmei 
On the fifth postoperative day there was only a minimal amount of additional drainage 
from the lower tube and it was removed The patient’s course thereafter was uneventful 
The breath sounds continued to improve and her general condition improved comparably 
She was discharged on July 31, eleven days following surgery 

A follow up roentgenogram on the fifteenth postoperative day, August 4, 1951, dis 
closed marked clearing of the operated hemithorax (Fig 8) Examinations at the Connlv 
Hospital, and subsequent!) when the patient returned home on a modified bedrest program, 
indicated that continued improvement existed Follow up examination by roentgenogram 
showed increased clearing (Fig 9) Sputums were negative on culture The patient w 
last examined in March, 1952, and continued progress was evident. 

Comment —'Tins patient exhibited a marked opacity of the operated chest with absent 
breath sounds throughout the operated area The drainage was thought to be inadequate 
and because of the lack of breath sounds and tho opacity m the operated cheat seen hv 
roen gen examination it w as deemed evident that a coagulum’ had collected within the operated 
side The immediate clearing as indicated by roentgenogram was not striking but aubsequent 
roen genograms showed very marked cleurmg and physical tradings improved munediateh 
following tho use of the enzymes 

Patient E C This 3d year old white man was admitted to the hospital July 31, 18*1 
His history revealed that in November, 1943, while in the Armed Forces a chest roentgenogram 
revealed a small area of fibrosis in the right apex This was believed to be of no clinic*! 
significance, and he was returned to full military duty A follow up roentgenogram in SxAr, 
1945, was considered negative In April, 1949, a roentgenogram taken at a Veterans Hospital 
showed an infiltration in the right upper lobe Sputums were negative for acid fast bacilli 
juk ie uns discharged with a diagnosis of arrested tuberculosis A subsequent examination 
in July of 1950, revealed a possible cavity in the right apex with surrounding infiltration. 
Concentrates of sputum were negative for acid fast baciUi Repeat roentgenograms includ 
rag tomographs in December, 1950, revealed a cavity in the right upper lobe Tuberculin “km 
ess were positive in the second strength An equivocally positive Coccidioidin test was 
present la May, 1951, he was hospitalized at a Veterans Hospital and culture of the 
sputum for acid fast bacilli was said to lmv e been positive This examination, however, was 

never confirmed All other sputums on concentrates and by culture were negative for acid 
fast bacilli 

Phvsical examination was esseutmllv negative Differential diagnosis resolved it^f 
o coccidioidomvcosis or pulmonary tuberculosis and pulmonary resection was advised 
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Operation, August US, 1951 —On entrance into tlie thorax, the right upper lobe mu 
found to be about half its normal size This was due to the marked reduction of the volore 
of the apical and posterior segments which were firm and airless Due to the dense fib™.' 
adhesions extrapleural dissection of the involved segments was required Two firm roundel 
foci were palpable, one in the anterior segment of the upper lobe, and ono in the superior 
segment of the lower lobe These were enuclented during the procedure The nodule in tV 
superior segment was found to show evidence of central excavation but the nodulo in tb 

anterior segment of the uppei lobe was solid and botli contained amorphous cuseoujhkf 

material The cavity m the apical and posterior segments was inadvertently entered ud 
showed granular pinkish white walls There was some collection of detritus rovenng tto 

lining The segments were removed in the usual manner and no major leaks followed the 

resection and the enucleation of the foci The raw edges of the enucleated areas wcw 
approximated with interrupted sutures of fine silk Before closure of the hemithornx antenor 
and posterior drainage tubes were inserted 

Histopathological diagnosis of the removed specimen was coccidioidal granulomata of thr 
lung with cavitation 

Postoperative Course —Preoperative laboratory studies indicated the patient’s piothio® 
bin time was slightly prolonged, to which too much significance was not attached because othn 
tests, including bleeding and coagulation time, were normal The prothrombin time ww 
nineteen seconds and the control fifteen seconds He received 70 mg of vitamin K mtti 


rauscularly daily from August 15 to August 21 

Postoperatively there was slow bleeding into the chest cavity, necessitating a total of 
six transfusions The drainage tubes by the second postoperative dav failed to dr* 10 
a large opacity was seen in the upper lung field (Fig 10) His hematocrit the first P<® 
operative day was 41 and he received a pint of blood The next day the hematocrit vrw 
and lie received five pints of blood Because of the accumulated clot m the upper ng 
hemithorax and the thought that bleeding might be due to a prolonged prothrombin 
the thouglit of exploration was discarded and instead treatment with Vandato was deci 
upon On the third, the fourth, and the sixth postoperative days ampules of Vandwo 
instilled into each of the drainage tubes Each time the enzymes were allowed to rem»i« 
in situ for four to six hours On August 25, following au initial instillation, 700 « 
fluid drained within a twelve hour period subsequent to the reopening of the tubes, d ^ 
of approxamatelv 2000 c c of bloody fluid escaped into the drainage bottles from the u» 
the emymes Following each instillation there was a leakage of air for a short per' ^ 
time After all the accumulated fluid was drained the leakage usually stopped within » 
six hours All leakage ceased following the last instillation The drainage tubes 
removed on the ninth postoperative day Following removal of the tubes there was ^ 
and continued improvement by physical and x ray examination (Figs U and ctt0U gh 
amount of air leaking into the pleural space while the tube was clamped off was not c 
to causo embarrassment of respiration on the first two occasions but the third insti a ^ 
Vugust 28 produced some dyspnea after six hours which was promptly relieved w ^ 
tubes were open and suction applied He was discharged from the hospital and was 


three months Inter at which time no complicating factors were evident ^ 

Comment —In this particular instance it was thought that the bleeding "^qUoiU*? 
to the prolonged prothrombin time In a previous experience gamed by the author ^ 
a sympathectomy at which blood loss was unusual in amounts, a prolonged protlirem ^ 
was found to exist Despite the presence of such a laboratory finding the enzymes ws 
in that particular instance without any cause for alarm The enzymes had the l ' es,CL ^ 0 
and no evidence of continued bleeding was observed Bo exploration is sometimes ^ ^ 
satisfactory procedure where the postoperative bleeding is moderate and when pv’ rf ° r ® taet t 
source of bleeding frequently cannot be discov ered With these thoughts in mind the w 
in this particular complication was thought best to be as conservative as ^ <,33 ' B .anlf f ' , 
enzymes (Vnndase) were therefore used It is to be noted that leakage of air J 

following each instillation of the enzymes, which was probably the result of d ,s3 ° 
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tho fibrin, covering the mtersegmental surfaces, but with adequate suction and drainage 
re expansion occurred promptly in eacli instance After the last instillation complete re- 
expansion was apparent and the tubes were removed m the usual manner 


Patient Mr . E D —This 18 year old white man was admitted to the hospital August 1, 
1951 His main complaint at that time was cough productive of mucopurulent spntnm of 
several months’ duration In addition he had numerous psychosomatic disturbances and com 
plaints related to various systems However, all the latter were ruled as having no organic 
basis and lus pulmonary trouble was worked out completely He had had a cough for about 
two years but, during the year prior to his admission, he began to raise mucopurulent 
sputum and occasionally this was greenish or grayish brown He denied any frank 
hemoptysis Work up at the hospital showed a positive tuberculin skin test (first strength) 
and a positive skin test (1 100) for coccidioidomycosis 

Physical examination, was essentially negative except for the chest -V few rhonchi were 
heard on deep and forced respiration over the left lower lobe posteriorly and in the anllan 
region The sedimentation rate was 31 (Westergren method) Sputum was negative for 
aud fast bacilli on concentrate and by culture A roentgenogram of the chest revealed a tbu 
walled cavity in the left lower lung field with minimal adjacent mottled infiltrates This wu 
considered to be a cavity due to coccidioidomycosis and from the history and observation it 
was thought to be infected 

Opeiation, Oct 5, 1951 —On opening the thorax a few filmy and fibrous avascuht 
adhesions were found over the fissure about the midanllary region Crossing the obliterate) 
major fissure m its central portion there was a slightly indurated area measuring about 1 tu¬ 
rn diameter which, by palpation, indicated an underlying cavity This lesion was found to 
he about half m each lobe along the fissure region During enucleation of the canty r 
blunt aud sharp dissection from the lobes it was inadvertently entered and a small amount 
of grayish tan detritus escaped into the wound Later the cavity was further opened am 
used as a guide in dissection as one would do in dissecting out a hernia. Very little as 
leakage and bleeding occurred along the plane of dissection. No attempt was made to ti¬ 
the defect in either lobe Following removal of the cavity remflation of the lung was 
and only minor air leaks occurred Before closure a large fenestrated latex rubber u 
ivus introduced through a subjacent nb space and a No 20 French catheter was inti uc 
through the second anterior interspace 


Histopathological diagnosis Coccidioidomycosis (by culture) 

Postoperative Course —Following operation there was a gradual diminution of brwdt 
sounds over the base of the operated hemithorax The breath sounds over the u PP er ^^ 
anterior portions of the lung were good and on the fourth postoperative day the upper^ ^ 
was removed but there was evidence of effusion at the base On the sixth postoperative 
mild subcutaneous emphysema was noted in the upper anterior chest and roentge^ o 
and fluoroscopy disclosed partial collapse of the lung and loculnted areas of fluid (i’b 
A closed thoracotomy was performed at the second anterior interspace and m additw^ 
thoracentesis was accomplished m the lower anterior hemithorax with removal of a 0 ^ 

cc fluid and about 200 cc of air Vandase was then injected into the lower tube " ^ 
remained in situ On manipulating the tube some of the fluid into vvluch the enzyme 3 ^ 
been mixed leaked onto the skm It was then deduced that the lowermost femes ra 
the indwelling drainage tube was near the skin surface The tube was then fixed tightly w ^ 
the chest by means of adhesive dressings The tube remained clamped off for a P* a 

six hours The upper tube which had been inserted was allowed to remain connec 


water seal aud suction Six hours after the injection of enzymes on. opening the 
150 cc of fluid drained into the bottle Only minimnl drainage occurred from — - j 


tube abo ut 

the upl# r 


tube but air was stated to have escaped The following day re-expansion was aPP^’^j 5 
marked improvement had occurred clinically (Fig 14) Tracheal suction was mstitu * 
moderate amount of thick tenacious brown secretions were obtained. The lower ^ 
removed on the following, the eighth postoperative, dav The upper catheter m 367 




J> lg U Fit, 14 1* Iff 10 

I J», it (Patient U D ) —PoHtopoi alive roentgenogram of the clicst taken aftoi dlHcovory of IIhhuo tmphjBOiiui a\x days after onucloatlon of u 
coc*< fdloldul unity Uyriropneuiiiothoiux ifl woil doinonwtiulod 

I<ig J1 (Puliont It D )—-Jtoonlgunographio appearance of the thorax the day after tho instillation of the cnxymo and closed thoiacotomy Jhuo 
In complete ro expansion of tlio luiif, 

1 '/g Uj (Patient K. D ) —Tiic roentgenogram of tiio chest made ten days after treatment with Varldaso and sevontoon days aftor thoracotomy A 
sntisfacloiy result linn boon obtained \tlth only moderate reaction in tho ojhj rated urui remaining 


IO 
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tile time of closed thoiacotomy wns rumnul m tlnec days Tlie patient showed nurkcd im 
pioiement m icuitiou and clearing by roentgenogram .subsequently, on tlie twelfth pet-t 
operative day, ho wan discharged for fuitliei LonvalesLCnco at the Count} Hospital 

Comment —Enzymes were used m this particular situation in order to dissolve tie 
collected material m the base of the operated chest It was thought that dissolution of the 
coagulum would enhance re expansion which was mandatory In this instance there was only 
minimal amount of drainage following the use of the enzyme but there was very prompt 
clearing both by physical examination and roentgen study Despite the fact that a large 
lesion had been enucleated leaving boro surfaces in both the upper and lower lobes, flstoke 
did not form It was reasoned that the pneumothorax, seen by roentgen examination, 
occurred through the improperly placed drainage tube and not through a spontaneous fistuli 
in the operated site, for following the closed thoracotomy and the use of the enzymes, only 
small amounts of air leakage was evident The patient was seen at subsequent followup 
as late as March, 1052, and lias shown continued improvement although a roentgenogram shorn 
peculiar ringhke pleural markings about the operated area, thought to be of no significants 
us determined by a bronchographic study (Fig 15) 


DISCUSSION 

Aftei paitial pulmonaiy* leseetion the healing and lestoiative processes 
depend upon the obliteration ot an leaks, the natural clotting of oozing surfaces 
and small vessels, piompt re-e\pansion of lemamrng lung tissue, and the elira 
mation of an and exudative fluid fiom the thoiax Since SK-SD (Varidase) 
Ij'ses h bun, its use might be consideied a detnment to these healing factors, 
flower ei, the enzyme system apparently does not piolong bleeding fiom exposed 
surfaces oi interfeie with the clotting mechanism within the lumen of the anal' 
vessels as judged by the lesults in its eaily postoperative use 

With an adequate system diainmg the thoiax, an leakage from raw sur 
faces, and the disposal ot fluids usually is leaclily accomplished Under certain 
eiicumstances, however, clotting oi gel foimation of tlie drainage occurs faster 
than it can be delrveied fiom the chest and any damming back of furthei dram 
age hastens the foi mation of a space occupying coagulum about the expanding 
lung 

Frequently on lemoval of a diamage tube, a fibrin plug is obseived b' m ° 
within its lumen which no doubt inteifeies with adequate dispersal of the 
leakage Bv dissolving such a plug and with dissolution of the collection wit m 
the chest ca\ lty, on using the enzymes, i e-expansion of the lung can be facihtn 
Following le expansion anv subsequent diainage is readily discharged lie 0 
the tubes aie removed 

At opeiation, in three instances, the pleuial cavities weie exposed to active 
tubeiculous foci duimg the procedures, yet m no case was theie evidence o 
the infection being seeded oi spiead in the lung oi pleura aftei the enzyme 
weie used These patients leceived stieptomycin but several had had the r^> 
pieviously aud no index of the organism’s sensitivity was available at the m 
of then treatment ^ 

In patient 0 J, who was leopeiated on the tenth day aftei resection, ^ 
lesults of the previous tieatmeut with the enzymes weie observed In t ' lC ar , 
where the substances weie effective the pleuial smfaces were ielati\elv sni 
and pliable, although injected, and this legion of lung expanded rea(al ' oI1] 
leinflation The opeiated suiface was fiimh fixed to the adhering diapt’ rJ ° 
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and apparenth the adhesions lemamed mtaet dining tieatment There was 
no leakage from the thoiaeotomi incision when the enzimes weie again in¬ 
stilled the dai attei the seeoud opeiation and the wound healed per pnniain 
The nse ot the enzymes in patient E C was thought to ha\e possibli en- 
cumvented a second operation toi decortication -As judged hi the amount 
ot fluid obtained on tieatment and the laige densiti m the involved area on 
the roentgenogram a sizeable eoagulum was pieseut Despite the piolonged 
prothrombin tune and evidence ot bleeding into the aiea, tieatment with the 
enzymes brought about a tavorable lesult It the euzvmes had adverselv af- 
tected the clotting mechanisms at the Weeding somce tlieie seemniglv non Id 
have been indications ot uici eased lienionhage and not teimination ot it as 
occurred 

It appears that clottuig withiu the opeiated thorax and the foimation 
of a fibnn plug in the lumen of the drainage tubes ocern not infrequently 
One cause for prompt clottmg lvith resulting drstunction ot the drainage svstem 
mai he attributed to the accelerated coagulation ot blood pioduced bv the use 
ot antimicrobial agents 14 

Since the healing processes aie not patently slowed and theie is no evidence 
ot the euzvmes aftecting the undenting disease piocess it would appeal that 
these preparations can be eniploved adv antageouslv eailv postoperativ elv after 
partial pulmonari resection 


SUAIilAIir 


1 bix patients were treated with SK-SD(A'andase) eail\ postoperativ ely, 
tollovving partial pulmonary resection 

2 The pioceduies weie performed single oi m combination and included 
lobectomy, segmental resection, decortication, and enucleation of disease foci 

3 The diseases encountered were tuberculosis (three cases), coceidioidomj- 
eosis (two eases), and bronchiectasis (one ease) 

I The enzvmes were instilled tluough diamage tubes aheadv m situ on 
the second postoperative dav (one case), the thud postoperative dar (two 
cases), the iouith dav (one ease) the si\th dav (one ease), and tile eighth da\ 
(one ease) 

5 One patient was reoperated, attei segmental resection had been pei- 
tomied ten dais previously and the euzvmes weie instilled the next dav 

6 In no instance was there a chronic fistula created oi evidence ot dele¬ 
terious ehect on the underlying disease piocess 

~ the wounds healed pel pnmani and no leakage was manitest into oi 
trom the thoiacotomv incisions 

S The lesnlts were satistauon dimcalh and taiorable from a roenteen 
ologic \ lewpomt 6 




enzyme, a f a r r Caies " ere lhrie additional ea-es m which the 

treated „ Tn * ,ost ®* CTaw ' eVk follow ™K pulmonarj re-eaion procedures have been 

‘ ,cl »niLe-,fuU\ with Miml-ir fmonibl results 
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2 A patient who had a right middle and right lower bilobectomy was treated oa the 
fourth postoperative day 

3 A patient who underwent an exploratory thoracotomy with a preoperative diagnoai 
of carcinoma was found to have a granulomatous lesion in the right lung from which generous 
biopsy material was remoied This patient had an injection of the enzymes on the suth 
postoperative day 

None of these patients had any deleterious offects in the use of the enzvmes and a 
prompt and satisfactory postoperative recovery 
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DISCUSSION 

DE C F DANIELS, New York —We are indebted to Dr Bead for his studies 
today and two yeare ago which have contributed much to the management of postr' 
hemothorax. If a small rent is made in the pericardium at the time of resection an 
followed by hemothorax, the development of cardiac tamponade may follow the admims ra^ ^ 
of streptokinaso and streptodomase Such a situation developed in a patient who 11 
middle and lower lobectomy, parietal pleurectomy, and partial decortication of the 
lobe for what was believed to be a mediastinal tumor eroding the intermediate bronchus^a^ 
adherent to the pericardium A small rent m the pericardium was left uncovered 
operatively, clotted hemothorax occurred On the eleventh postoperative day intrap 
administration of streptokinase and streptodomase was followed by drainago of 900 cc -^ 
serosanguineous fluid The next day it was evident that serious cardiac taniponado 
occurred. Apparently with partial lysis of the clot occluding the small pericardial ' nn ^ 
fluid flowed into the pericardium but a ball valve mechanism prevented its egress 
emergency aspiration of 300 c c of serosnngumeous fluid gav c immediate relief of 
Further intrapleural administration of the enzymes resulted in clearing of the henio 
without recurrence of enrdne taniponado 
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DB MICHAEL DE BAKEY, Houston, Texas—Dr Bend, I think, has provided con 
Turning evidence of the value and safety of these agents in the immediate postoperative 
period under these circumstances where it is desirable to remove pleural effusions that 
accumulate and prevent prompt expansion of the lung and obliteration of the space He 
referred to some experimental studies that we did about a y ear ago, with the purpose of 
determining whether or not there was any jeopardy to the healing process following pulmonary 
resection if these agents were used m the very early postoperative period It was obvious from 
these studies that the healing process was not jeopardised if the pulmonary resection was 
properly performed and, on that basis, ne used these agents clinically in six cases, three 
patients following pulmonary resection under circumstances similar to those described by 
Hr Bead, and m three case 3 of esophageal resection In no instance was there jeopardous 
healing following their use, and the advantage which resulted from their use was similar to 
that described by Dr Bead We believe, therefore, that our experimental as well as clinical 
observations can add confirmation to those which Dr Bead has presented 


DB BEAD (Closing) -—I want to thank tbe discussors, especially Dr De Bahei I 
was privileged to use his paper before it was published, he was kind enough to send me 
a copy for use in preparation of this manuscript 

I want to emhasize the very great importance of having tubes m situ when tins 
material is used under the related circumstances If this is not done you can almost guarantee 
that something catastrophic is going to occur I would strongly advise also to have suction 
available, and also the possibility of even introducing another tube if it becomes necessary 
There is one case which I w"as not able to report because of the tune allotted That is an 
incident, that will be included in the published manuscript, of a \oung man m whom I did 
a basal segmental resection of the left lower lobe Postoperatively, drainage was very 
sluggish. I might add that I did not use an upper tube, in other words, it was only single 
tube drainage During my training, several men impressed upon me the importance of using 
i two tubes However, m this instance only one tube was used. It seemed to be an easy 
situation and I thought that maybe the postoperative course might be hastened Bather earlv 
m the postoperative course it was obvious that drainage was going to be difficult Coagulation 
occurred, and the enzymes were instilled through the lower tube However, they were instilled 
about the fifth day Previously we reported that organization of coagulant can occur as 
early as the fifth day There was a large pocket superiorly in tins case and it was my 
assumption that the enzymes never permeated this large coagulant There was evidence of 
results in the lower portion where the enzymes did reach and infuse about the coagulant 
Additional aspiration superiorly yielded no fluid Wc liave emphasized the importance of 
obtaining fluid before one instills the enzyme material None could be obtained in this 
instance, therefore enzymes were not instilled superiorly 

Subsequently, on about the tenth postoperative dav, this man was reopened and a 
tge coagulant and fibrinous gel overhung the entire lung had to be decorticated and re¬ 
eved. At that time we made an observation of the segmental resection and the effect of 
e treatment of the enzymes in this area A3 we had strongly suspected but never observed 
-mantT ' a th , e rernnmmg 3u P enor segment, which was quite large m this case, was quite 
.. p ‘ iaWe i the pleura was injected, and it was firmly adherent to the diaphragm along 

1 efrLhvrir 11 ' ,T fa f C 11 " RS pleasm 2 t0 that the area where the enzymes had been 
ective eemed to show a very good response to the treatment 



REHABILITATION IN THORACIC SURGERY 
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nPO DATE, idatively little attention has been given to the rehabilitative pW 
of the postoperative eaie of patients who have undeigone thoracicsnigerr 
The Yeteians Administration has an aetne piogiam in this vital field, but 
geneiallv, comprehensive progiams do not exist As a rule, tuberculosis suu 
tona adhere to the old method of encouraging then postoperative eases to speed 
mam houis lying supine on a supporting bolstei, the objective being to “strew 
t ie spine Obvuously, this procedure does nothing to combat the muscularatm 
p v and atonv, the fibrous matting of the affected soft tissues, the contracture 
and the potential deforming scoliosis On the contrarv, it actually encourage A 
t lese undesirable pathologic changes frequently leading to progiessivelvinw*’ 
mg lateral shifting and rotation of the spinal column and the ribs The postoper 
atue atrophy and dysfunction of the important muscles ot the affected side m 
no match foi the tome muscles of the opposite unaffected side leading to i* 
valance of the mustulai and ligamentous lelationship with consequent distorts 
Starting with this basic concept ot the lesidual postoperative patbo'^ 
oui piobleni was to 

1 X in<i effectne means of preventing atrophy of the affected muscles &' 
essen fibrosm and matting of the soft tissues of the involved side, since the* 
an a esions mav seriously hinder restoration of function 
. . “ ^^‘Pate and thus prevent compensatory' contractures of the wnA 
of the unaffected side, thereby limiting the appaientlv inevitable scoliotictfr 
sion of the unbalanced spine Obviously, the ultimate, complete restoration ' 
normal cannot always be attained, but much can be done to lessen the ult® 1 
disability and functional handicap 

3 Combat fibiotic and arthritic changes in temporarily immobilized^ 
a complication which, if ignoied, may well result m permanent “freezing 
NatmaUy, the moie extensile the opeiative pioceduie, the more severe' 
the pathologic lesidium, its anatomic distortion, and its physiologic malftw l ' 
seven-rib” thoracoplasty lesectmg nbs, transverse processes, , 
muscles, etc, leaves profound anatomic and functional devastation No * 
least ot the latter ls the extent of damage to the neive and blood suppl' 0 
sectioned muscles frequently irreversible The nine senous the nerve da»~ 
— e iess satlsfa otory will be the rehabilitation of the affected muscles ^ 

College of VreOlc?n^ artmCnt rUijsIcal Meflli ine ami Kelmbllltatlon Xe\V VorV 
RecehcU for publication 'March 15 13 ',j 
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Aside horn the immediate sequel lae of. the sin glial pioieduic, it is necessai) 

. anticipate tile potentialh disabling effect ot prolonged bed lest so essential 
i the tieatment ot the tuberculous patient Tins is paitieulaih noxious in 
ases wheiein the patient assumes a coinioitable but ldatneh distorting position 
hile at rest While this pioblem is piunaiih met with in the leliabilitatne 
are of the tuberculous patient, the pioblem is similai in all post-thoiaeic sui- 
leal eare regaidless ot the etiologr 

Extensile surgical pioceduies lequne the dmsion of 

1 The scalenus gioup ot muscles which aie detached from their insertion 
) the first and second libs These tendons aie not leattached 

2 The coi responding parts of the trapezius, lhomboids, seiratus magnus, 
itissimus dorsi, aud the peetoralis niuioi, all of uliich aie leappioximated aud 
ituied 


Smce m thoracic surgerv, particularlv in tubereulons eases, the operatic e 
rocedures ate eustomanh earned out in 1 stages,” the lesultant suigical 
-auma and all its sequellae requne repetitions therapi two oi thiee times m 
ach ease Xo soonei do the sectioned museles begin to heal than a new operative 
age sepai ates the sectioned tabs 

It should he leiteiated that all sectioned muscles other than the scalenus 
roup are reapproximated and sutured The healing pioeess piogiesses slowly 
'herelore, dunng the earh postoperativee stage, rehabilitatee exercises must 
e gnen with extieme caution and patience 

It should he emphasized that in thoracoplasties, the bony support of the 
5 ctioned muscles is gone, and the weakened muscles now constitute an integral 
art of the thoracic wall and must beai their shaie of the potential strain and 
ress Theretore, one of the ultimate aims must be to stiengthen these muscles 
) the \er\ maximum ot their potential 


Furthermore, the absence ot the bracing ribs lesults m a positional shorten- 
ig of the rhomboids, the trapezius, etc Studies m the phisiologi of museulai 
itniti hare demonstrated that a muscle tunctions best when the contraction 
■* Ablated with the muscle in its noimal testing length Shortening, theiefoie, 

, < r ads t0 inefficient tunction In addition, atoniciti ot the muscles supporting 
lc cone sponding scapula, ma\, in some instances, lead to a “dropping” or a 
aggmg of the scapula causing concomitant disfunction and often irritation of 
, Ue midet ' h mg area The patient, m an eftort to aioid the incidental discom 
0rt ’ '•nbmtanlv locks” the shoulder in an derated position generally refened 
h ' Sh bhou5dei ” ' uth lts compensators ‘ high pelvis” on the same side 
,f 1POM ! 10 “ ° Ucn leads t0 eo,lt iacture of the trapezius and limitation of 
0t d T Wei K " dk> 11 * not lulusal tor tlle surgeon to attempt to 

i" canu 'tom? T, iem T“ 1? PUlt 01 the 1U ' Unt,,1S lower ub 01 a partial 
' ? UUT f theidpeutlc cxemses tan Esualh pieient this “diop 

’''Teuoiish !n S r UU ’ ? aU, ‘ S SUlh sctondar ' bm S 1Lal Pioceduies As noted 

X ’ nothei compheatum ot thoiaue surgerc IS the fibiosis and anlolo 
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sis ot the c .01 responding shoulder gudlc In an effort to lessen postoperative 
pain and diseoiutoit, the patient dehheiatelj splints the involved area br bold 
mg the aim and shonldei gudle ngidly at the side Unless this is anticipated 
and pievented by piopei postming and active and passive exeicise, peraamnt 
severe “fieezmg” of the shoulder is almost ceitam to follow 


vis i 



Fis 2 (i) UP 

Fie 1—Poor position postop«rtui\el} (die du}s) (a) head to unaffectedI *"* t 
to unaffected aide (c) too man> pillows (under shoulders) (d) buttock weignv 
distributed. 

Fig 2 —Exercise 1 
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At Bellevue Hospital duirng the past eighteen months, a eompiehensive 
habihtation program ioi the postoperative tuberculosis patient has been earned 
out as a cooperative program ot the Chest Service and the Department ot Phys - 
cal Medicine and Rehabilitation to eftect a phi siologicallv sound means ot com- 


Fig- 3 



Flff 4 

Fig 3 —Exercise 2 
Fig 4 —Exercise 3 


bating residual disabilities Since all patients uere senoush ill inth tubeicu- 
Dsis, the mtuisiti and lretiuenei ot the theraiieutic eftoits had to he earned out 
iwtli extreme caution 

The eorrectne theiapi piogram has been divided into trio distmet phases 
tie pre- and postoperatne The objectne ot the tonnei is to “educate 5 and 
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strengthen the syneigistic muscles not dnectlv affected bv the operatne pro¬ 
cedure, so that they may take over, in so far as possible, the functions of tie 
piimaiy muscles which aie tempoianly disabled Furthei, the patient is care¬ 
fully trained in the techniques of diaphiagmatic breathing, which is essential 
in the postoperative stage This is combined with emphasis on proper posture- 
lying, sitting, and standing Finally, the patient is taught the basic exercise 
which he will lequne postopeiatively pieopeiativelj This piogram is initiated 
twice daih ten days before the scheduled operation is canned out Teaching a 
gieatly simplified by the use of minors Within twenty-four horn's utter tie 
opeiation, the second phase is staited and is earned on until maximum possible 
rehabilitation is attained, which mav be a mattei of weeks 01 mam months 


Fig 5 




Fig 0 

FIs o —h-xercluc 4 
Flp C —Exercise 5 

Collective exeiuses aie eustomanly divided into (a) passive— "lime th 
entne movement is earned out bv the theiapist, (b) assistive (active assis 1 
—vvheiein the patient does as much as he is capable ot, and the theiuP ,st 10 
plctcs the indicated langi , ot motion, (c .Uivc—uluitin all the motum 

cuiied out bv the pulicnt liniisclt (ilj a< live lcsistivc—vvlieicm 1° IK 
added to the exeicises m oidei to nu lease tin povvei of the muscles 
The loutme of exeicses usul n post che surgeij is as follows 
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PREOPER YTIYE ST YGE 

Position lying Bed mu 101 tilted o\ei patient 

Exercise 1 —Emphasize collect bed postuie (a) LeieZ pelns —acoidmg 
am rotation 01 “hitmg of one lup (b) Lciel shouldei s —clinch are held paial- 
lel to the lecel lups The shoulders must be in noimal iela\ed position and not be 
elecated (e) The head, m cases ot unpeudiug thoiaeoplasties, is held in posi¬ 
tion ot lateial bending to the opeiatice side "Til thoiaeic suigeic otliei than 
thoracoplasties, wheie the sealeni museles aie not se\ ered the head is held m 
noimal position, at a light angle to the tiunk. » 



FIs < —Exercise 6 


hanrf^T^ 2 ~~ Peh ' w and shouldere lecel, head noimal Patient places leit 
(dianhrl ° heSt ’ " ght ° U abdomen He ls msti ueted to bieathe abdominally 
(ion a ° matlca11 '). tli e light hand moving with each inspnation and evpna 

"oul is a f‘ ent 18 taU8l f, ‘ 10t t0 m °' e thG Chest 01 the left hand > thus stiivnm to 
c as far as is possible thoi acic breathing ° 

oinrifCTd V7u Sltl0n rTr , Patlent be ' ldS tlUUk laterall > *<”card non- 
at ice if , H " is f mstlucted t0 ^eathe diapluagmatieaUc with the “opei- 
‘n- ot niohii % Post operatic eh this exeieise is most important in the hasten 

"hich is ot consiflpi i, incl(lentalh . this exeicise induces the cough reflex 
tench, ""Portanee in e,act,a,mg the pathologtc content, »t the 

““I tea heldPei™, shot,Idem 
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Exercise 5 —Active shift of head to opeiative side basic supine position 
Head is moved lateially (like a Bah dancei) only to one side The head, held 
at light angles to the bod}’, is slid to the opeiatnc side foi a count of two, re 
turned to noimal position foi a count ot tluee Repeat alteiations tlnee times. 
Object since (ui thoiacoplasties) the scalenus gioup will be peiiiianenth sec 
tioned, the coiiesponding gioup (of the unopeiated side) will tend to form 


rig s 



Fig- 9 

Fig 8 —Exercise 7 
Fig 9 —Exercise 8 


contiactuies, dewatmg and lotating the uppei spine Bi stietching 
muscles and also b} strengthening the sjnei gists ot the affected scaleni, t ^ 
potential defoiunties aie anticipated and ilia} usually be gieatl} hunted 

Exercise 6— Actnc adduction and depiexsion of scapula (unilateral), 
patient supine Therapist places lus hand undci the scapula Patient is u °'' 
lnstmcted to piess backward mediall} and downwaid on the supporting a 311 
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Object to teach tlie patient the specific eooidmati\e e\eicise that Mill be re¬ 
quited postopeiatn civ to lestoie the function of the adductors and depiessors 
ot the aftected scapula (ilioinboids, mid and lowev fibers ot trapezius, latissinnis 
dorsi, etc ) This exeicise incidentally stietches the pectoiahs muscles, combat¬ 
ing tendency to torn aid lotation ot the shouldei Repeat thiee times holding 
tor count ot three, lest penods ot three seconds be ween exeicises 

Exercise 7 —Active assistne depiession of “aftected” shoulder giidle 
Position supine Foreaim is flexed on upper aim, fingers on shouldei Aim 
held at side ot trunk Theiapist “fixes” shouldei gndle and flexed elbow joint 
with his fingers Patient depiesses the flexed arm downwaid, stretching the 
shoulder capsule, ligaments, and muscles Hold ioi count of Wo Relax, to 
normal position (do not laise shouldei aboie noimal le\el) toi count ot three 
Repeat three tunes Object to stieteh and strengthen the muscles ot the 
shoulder girdle (lattisnuus, lowei fib ere ot tiapezms, pectoralis, etc ) and thus 
tr\ to prevent postopeiative “high shoulder 1 This completes the preoperative 
procedures 

POSTOPERATIVE ROUTINE 


Start with the seven basic exeicises given pieoperativeh Follow the same 
sequence, timing, and alternation Continue 

Exercise 8 —Abduction ot the arm at shouldei The piocedme is aetive- 
axsistne and unilateral Position supine, arm of operated side is flexed at el- 
how and held close to chest Theiapist supports aim at flexed elbow and at 
hand. Patient is encouraged to abduct the arm without stiam, the therapist 
assisting the actne effort The exercise is repeated three tunes with intervals of 
lest ot three seconds Objective to assure maximum possible abduction of the 
shouldei joint by presentmg “freezing” and musculai atrophy 

Exercise 9—Active assistne lotation ot the shoulder joint Position su¬ 
pine, arm in same starting position as ioi Exercise S Theiapist swings arm to 
maximum abduction (as in Exeicise S), then the arm is rotated at first extei- 
nalh then intei nail v Again the patient is encouraged to earn out this exercise 
to the point of tolerance, the therapist supplying the degree of assistance mdi- 
tatei Repeat three tunes with penods ot rest Objective same as with abduc¬ 
tion, to assure maximum mobilization ot the joint and hasten rehabilitation of 
the muscles ot the shouldei 


Exercise 10 —Actne assistive “honzoutal” abduction and adduction of 
ann (unilateral) Position supine, arm flexed at elbow and abducted to 90 

lf posslble ’ 11 not > as close as 15 Possible The therapist supports the 
Wed arm the same as m the previous exercises 8 and 9 Object (a) to stretch 
>e postoperative adhesions, and (b) to exercise the adduetore ot the seapula 
6 CNten f ra 0t thc allu faring the abduction phase of this procedure 

Hexul UUd time ! Ult T i k 3ie Ae 531116 as m the T reY ious exercises The 

hngere b> ‘ llie dialh, stmmg to touch the opposite shouldei Math the 



Fiff 10—Exercise 3 
Fit, 11 —Exerci*^ 
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Exercise 11— Active assistive elevation (flexion) oi both amis Position 
supine Patient clasps bands with amis extended and resting on hunt He is 
instructed to elevate the aims slowlv oveihead to the point ot toleianee, wine 
mav he quite limited m the eaily postopeiative stages bv the pain Objectue 
mobilization ot the shoulder joint and exercise ot the muscles ot the shouldei 
<nrdle and arm Repeat three tunes with customaiy lest penods 



Fig - 13—Exercise 11 

Throughout these exeicises, it is essential to be on guaid tor substitution 
movements, i e, elevation ot the scapula, fonvaid lotation ot the shoulder, etc 
It is desirable to a Ihere to phvsiologiealh normal joint movements 

The postopuau e loutme is dibgeutlv earned out in the hung position 
'or a penod ot one md At this tune, it the condition ot the patient penults, 
he is seated in iront ot a '.'-length postme mmoi and the lehalnhtative lou- 
'»n is coimntnd as iollov\% 

Txekusf 12—A<tive tun'a «. - Avion ot head Portion sitting with 
1 'clvLs, shoulders, anu . ead level Patie it bends the head to the aftected’ side, 




■llxorclHO 14 












Flf, IS —IJxoioIhu in 
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aiming to touch the eai to the shouldei Avoid lotation ot head Hold for 
count of two Return to nonnal position Rest lor count of thiee Repeat a! 
temations thiee times Objective to stiengthen the lesidual flexors ot the af 
tected side and stietch those of the symmetrical (unopeiated) side 

Exercise 13—Active cnciunduction of both shoulders Position sitting 
vith aims flexed at elbows and held at sides of body, fingei tips at shoulders. 
Patient cames flexed aims loiwaid up"aid to light angles with the tranh, 
then the arms aie abducted honzontallj winging out to the sides of the bod' 
Return to starting position Repeat alternations tlnee times with essential rest 
penods Objective to keep the shouldei joints iieeli mobile and to stietch the 
matted soft tissues If patient finds this exeicise too taxing, limit the procedure 
to the affected shouldei onlv 



Fie 20—Exercise IS 

Exercise 14—Abduction and adduction of flexed aims Stm itnff l J0 ^ wl ^ 
hands elapsed back of neck, flexed arms winged at sides, shouldei nigh a ^ 
adducts flexed aims touching elbows at fiont of bod} then cames aims 
zontalh back to oiiginal position Repeat aliei Hons thiee times with 11SI1 ' 
internals ot lest Objecliie to stietch the •* iat '\ 0 m itted sott tissue - ' Jl 

excii ise, piimaiilj, the adductors ot the . 

Exercise lo—Adduction and dej on -c i m 1 It >sic po 1(10 lJ,i ^ 

clasped o\ei umbilicus, arms he'd 11 s an ^Jic A* Un'.-^cd Para' 11 
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instructed to approximate the scapulae 1« contracting the adductor musdes 
three uni, tutli test internals ObKefuc to strengthen the adductors 

nt the seamila and stictch the pectorals 

EXERU.-E lb —Flexion and extension ot Die tiunk btathng 
sitting eieet aims h mum- loceh at sides knees togethei 1 atieut sloivh 
Iomcb trank until head touches knees and hands icacli floor Objective mobi¬ 
lization ot the spine and tuithei snatching ol the matted tissues 



F/ff 21—Patients doing group exerciser which follow the basic routine as described All 
patients shown had se\en-rib thoracoplasties. 


Exercise 17—Same as Exeicise 11 (see abo\e), but earned out trom the 
basic sitting position 

Exercise IS —Because oi the relativelr stienuous nature ot this procedure, 
it should not be utilized until the patient has iegamed maximum strength and 
vitalm With the patient in sitting position, toreann at right angles to uppei 
inn and stipulated, the patient carries the hexed arm postenorh ivhile the 
therapist applies >esistance against the elbow Return to starting position, 
repeal three times ui h rest periods Objecfn e to deielop the pectoralis minor 
>o actud Inpertrophx m an effort to fall in the postoperatne cavitation oi the 
"PlRr pint m the antcnoi >spect ot the chest aa all 


n'MENT 

Ihi'in, the lint cm teen ns have oh.se n ed the effect ot a caiefullv 
1> uuied nit thilit in t ogi un m j<> <i , <r the appatenth inevitable detorm- 
mg s i|u,P it m ,’s, . undeiatm- mmn There is a pretaleut opinion 
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Fig 22 



» 


/ t 

I f • 




Fie —i nt 

., , Fig 22—Case H. Classical scoliosis resulting froii thoracoplasty i'J pia-c 

r€cei ' e , rehabllitatUe measures Patient had (1) ten rib thoracoplasty * 
monectomj and (3) pectoral m>oplast> (for bronchopleural fistula) 

}} H - Range of motion obtain 1 in same patient after pectoral rD> * 
nen first rehabilltatKe measures were instituted 
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Fig 21—Use of bed pulle} for stretching after pectoral mjoplostj which closed a broncho 

pleural fistula. 
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that scoliotic detormm does not, as a rale develop until mam months altei 
the operation In our expenence, the evidence suggests that tlus detorrmtc 
otten begins unniediateh alter thoracoplastv The moie extensive the latter, 
the more rapid is the onset ot the scoliosis The lemedial lesults obtained m 
107 thoracoplasties and ISO escisional operations (with 01 without incidental 
limited thoracoplasties) were encouiaguig to the degree ot justification ot the 
effort and its continuation It is lecogmzed that the most conscientious and 
intensive rehahilitamc loutme mac not alwacs pietent the scoliosis How- 





.. I, ,,,, „ tontpaied to the Heated eer.ee 

' “ ' ,, " d (particular). thoracopl^’ 

range or motion ot the conespondmg shoulder ( m some 
. ’ theie was also not iniiequent shut urn 

'i resultant disturbance ot canl.orespiraton 
, hstonifort due to extensile arthritis and 

■ me- . lu , -‘Xpcimuc has shown the lehabili- 

.uVedit, ^ —^1 


l * U 11 11 \l \ U 

1 <> J)(*l it 0 

' • l.Ntl , I 


U 
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4 
I 


h: 


“‘vhu^ tinu 

u amount not onh the technique 
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but the impoitance of taking the exercises with planned legulaiity To aid m 
this education piogiam, a booklet lllustiatmg and desciibing the exercises ha> 
leeently been prepared for patients 


SUMMARY 

1 Dui mg the past eighteen months, at Bellevue Hospital a eaiefuilv 
planned loutme for lehabiktative eaie of postthoiacic srngeiy cases has been 
m opeiation 

2 The lesults obtained by means of diligent collective exeicises haiepre 
vented, to a xaiying degiee, scoliosis, “fieezing,” of the shoulder, matting, and 
atiopliy 

3 Comparative study ot nonrehabilitated eases emphasizes the advantage 
of these pieventne and lemedial measmes 

4 Postopeiative lehabihtation is an integial part of the total care of the 
patients who undeigo thoiaeie suigery 

Photographs were taken by Air Stanley Simmons, photographer for the Department ot 
Physical Aledicine and Rehabilitation, New York University College of Medicine 



A RACK FOR UNDERWATER DRAINAGE BOTTLES 


Johx D Steele, M D 
Milwaukee, Wis 

A SIMPLE, inexpensive rack tor undeiwatei diamage bottles is presented 
This rack has the iollovnng advantages the bottles cannot be tipped 
over, the fluid levels in the bottles and glass tubing are visualized easily because 
ol the light behind the bottles, and the rack can be attached to a standaid hos¬ 
pital bed temporarily (b\ means of hooks tvhieh fit over the bed springs) 



Fig 1 


7’ ed ' mi " lv °‘ ' V00,] H °' Ve ' er ' ,hc «“ “ m«al 
tuhiute The 7i r tl f \ v ' suallzatum 01 the levels m the glass 
'he nut abote'the lamuV ° f ^ 35 2 Lomement h §ht The back or 
attendant, retard,,,, Stte””' ” ^ <« »«»P.t.l 

•I, u-ui.T"".,"'™ il7T';': rAs (11 »»«) ,< 

ra<A tr. i he "pongs and the cioss rods ot the bed tn n n a o, 

iu Td ;°i ,he 7* Tiu8 & 

d, M , k n.oud « n„, 

1 ” <' 1 tor putillcalion^ \pnT? j^ rqueUe LnKcr5it > School of VleOicine. 
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THE AMERICAN ASSOCIATION F OR THORACIC SURGERY 


Notice of Annual Meeting 

The 33rd annual meeting of the American Association for Thoracic Surgery null be 
held March 27, 28, and 30, 1953, in San Francisco, Calif Headquarters will he at 'be 
Hotel Fairmont Suitable accommodations also have been reserved at near by hotels, the 
Mark Hopkins, the Huntington and the Sir Francis Drake 


Requests for Hotel Reservations 

These should bo mailed to Dr H Brodie Stephens, Chairman of Hotel Committee, 
American Association for Thoracic Surgery, Hoorn 200, 61 Grove St., San Francuco 
Calif The following information must be included (1) two choices of hotels, (2) UP 6 
of accommodation desired—single, double, twin, room or suite, (3) name of other too 
occupants, if an), whether wife or another doctor, (4) date and approximate hour o 
arrival, (5) date of departure, (6) return address 


Abstracts for Papers 

Abstracts for the presentation of papers at the 1953 meeting must be received j ^ 
before Dec 1, 1952, otherwise the) will not be considered b) the Program Comma ^ 
Fue, repeat, five copies of each abstract should be sent to the Secretary of the Assoc ^ 
Dr Paul C Samson, 2938 McClure St, Oakland 9, Calif They should not bo i<’ nt 
Editor 

i* the 

The abstracts should contain from 200 to 250 words, and should accurate 
contents of the completed paper 


Applications for Mta Vrsl 

Completed membership applications must * 
the Membership Committee, 1107 Clark Bld„ r i , 
in order to be acted upon at the annua' meet 
All correspondence regarlug mem 1 
tions, should bo addressed to D, Kent 
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Original Communications 


TRAUMATIC saccular aneurysm of the thoracic aorta 

E K. Hollingsworth, M.D ,* IVilljam IF Johxstox, ALD ** (by estitatiox) , 
axd James F McCooea, M.D * (b\ ixyttatiox) 

Marti sbcrg, IV Y t 


npEAOLVTIC sacculai aneurism ot the thoracic aorta is appaientli laie 
A Few eases are reported in the literature, no patients reported hare snrnred 
more than eleven months, and all have been diagnosed at autopsy This leport 
is based on lour patients, diagnosed during life, who have smvived from a few 
months to seven rears following their injury In one case the development of 
the aneurvsm was observed hr serial roentgenograms Correlating our observa¬ 
tions with a study ot the mechanism and pathology iniolved m traumatic 
rupture ot the aorta has led to certain conclusions (1) that this condition may 
occur lai more irequenth than is supposed, (2) that incomplete rapture ot 
the aorta mat possiblv he diagnosed earlr and definitive treatment ot the 
rupture instituted, (3) that it the aneurvsm is alieadr torming or has lornied 
treatment to pi event turther enlargement or later rupture mav be earned out 


Case 1 L. F, a 2i year-old white man, was admitted to the hospital on Sept. 29, 1949 
a 1,L - torr of haring been involved m an antomobile accident sis davs prevtonJv He 
a ' a unconscious, following the accident and hospitalized elsewhere He had received 
multiple abrasions and lacerations, injnrv to the iert forearm and hand, and severe contusion 
It th 6 * There had ***“ = ° me cou S h “g up of blood on the first day after ininri 

in t °: adml ' s:>lQIL hece tU * 0Qlv complaint reteruble to the chest was occasional paw 
e eta t when coughing or on deep breathing 

some °inii r ,haa Uie re3>Juals 01 tUe tmuma, phvsical examination was essentially negative 

o h n? e ;r DOted T the lett : idc 0t 1116 to about the W ot ; e 

‘ 7 There was tenderness ot the lett wnst on motion. 

I^U.ve° U S KaWnul ''TIusT^ aQTwA ' lmiX * tbe Ka ^> *lueh was reported 
pm.il final Kahn w o T , ' Va3 re P eated a week lat « with the same result The 

units Four 1 V ‘' L V repeat KaKn 111 one mon th was repotted positive S Kahn 

^Fonr dais later the result was doubtfuUv positive, 0 Kahn unite, and ^ ^ 

^° rBC ^ a£hlnSl0D Lnhe -^ The Veteran, 

Vy'V? 3 T°' at °* the Chief 
'"'"'■nrauon. SUU> and do neCcssarilj refi«t the opinion or aUt n h f °^ Y? the reauU 

p* i "*■ mg \ etgrana -Ad 

Surv ^ Meetins of The " eric3n ** — 
i^t- Partin vat of P*mliolos> 
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weeks the report was negative in view of a negative history of a primary lesion and tie 
rapidity with which the Kalin test became negative (no treatment was given), it wu tie 
opinion of our medical consultant that it was unlikely that tins man had syphilis. 

Roentgenogram of the left forearm and hand revealed a fracture of the ulna and of 
the proximal phalanx of the ring finger A film of the chest on September 30 showed cloud¬ 
ing over the left base, which was interpreted as fluid 

The fractures received appropriate treatment, and thoracentesis of the left cheat 
produced about 75 c c of blood In a few days the patient was ambulatory, but he remaintd 
in the hospital for treatment of his fractures Repeat chest roentgenograms were made on 
October 4 and 11, and on the latter date there was no further evidence of fluid (Discus™ 
of all roentgenograms will follow the completion of the case history ) On December IS a 



Fig 1 —Case 1 Saccular aneurysm as seen at operation. 


repeat roentgenogram of the chest was made before the patient was to go on a ^ ^ 
pass It was at this time that a definite mass was seen m tho region of the aortic 
further studies, including fluoroscopy, were done Pulsation of this mass was seen, 
could not be determined whether or not it was transmitted Following his retur jj a j con 
hospital enrlv in January, roentgenograms of the chest indicated that the mass ^ f 
tinued to enlarge, and angiograms were made These showed conclusively that the m 
resented an aneurysm of the first portion of the descending aorta ^ 

Operation was advised, and on Feb 2, 1950, the chest was explored through 1 ^ 

of the resected fifth rib Except for adhesions of the lung to the aneurysm, the ^ 
cavity was free These adhesions were carefullv freed by blunt and sharp dissection a ^ 
nneurvsm exposed (Fig 1) No pulsations could bo seen and the wall felt quite f* nB ' 
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- upper limi t was approximately 5 cm. distal to the subclavian artery take-off, and it gsve the 
appearance oi a large bulge on the lateral side or the aorta- The aneurvsin was well localized 
to the lateral wall, and it was relt that local covering with Cellophane would be sufficient 
" a flap ot pleura was freed from the base of the entire aneurvsmal area, and a piece or 
-cWro.mg tvpe of Cellophane was sutured to the dap, completely covering the lesion. This 
in turn was covered bv a sheet or nonsclerosing Cellophane to protect the lung Closure was 
1 routine with one catheter as a drain, connected to an nnderwater seal. Recovery rrom the 
operation was uneventful, but discharge rrom the hospital was delayed so that the patient 
could receive phvsiotherapv for the arm and hand fractures 

Follow up has been regular at six month intervals and except for clearing of pleural 
reaction, there has been no change in the lesion. However, on Jan. 2A, 1952, the patient was 
readmitted, complaining or a constant doll pain referred through rrom between tbe shoulders 
postenorlv to the precordium antenorlv He had been doing heavr work running an air com 
pressor for the past six months Fluoroscopv and roentgenogram including angiogram, re¬ 
vealed no change in the lesion (Fig S) Following three weeks’ rest in the hospital he im 
proved and was discharged, being stronglv advised to seek less laborious work. 



W ^Flening”^*mVlIastlnunc.' 011 ^“‘senosram Sept. 30 1919 one week after accident. 

tig. 3 —Case l Oct. 1 1919 Little change except clearing of pleural fluid. 


jDi*cu*sion -Fig 2 shows the initial ehest roentgenogram. In addition to 

i 1 * nce 0t pleural dmd ’ ' ou Wl11 Role the narrow band ot increased 
n' JUst to the leit of the heart shadow No significance was attached t 
ns in the initial reading Strassmann round that m ei<dit eases with n ? 
rupture OI the aoru at thu sate the patients h , ed three or rnoTh^ Z 7“ 
autop-w a tear was tound extending through all coats ot the veswd ' d ^ 
t UUU,J Tl — dissection ot blood" along the aortic waTl T** ^ 

adumuia and media In retrospect, we believe tlmt tln Z 660 the 

. - ■>“ - 
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01 other effects of their mjuiy Oui patient fortunately survived the immediate 
tiauma, and m Pigs 3 and 4 we see furthei developments These are roentgeno¬ 
grams taken foui days and eleven days, i espectively, after Pig 2, and we see a 
change m this shadow, with the lesion becoming moie localized at the site oi 
the teai, and probably absoiption of some of the dissecting blood While this 
shadow was noted in the oiigmal roentgenograplne repoit, its significance was 
still not recognized However, in the film taken appi oximately one month later 
(Fig 5) there is little room for doubt We felt that we were dealing with 
aneurysm, piobably of the aorta, and that angiograms should be made In 
spite of our advice and explanations of the danger involved, the patient insisted 
on waiting until after Christmas On his leturn to the hospital earh in 
January, roentgenographie studies indicated still fuither enlargement of the 
mass (Pig 6), and angiogiams (Pig 7) proved conclusively that we were deni 
mg with an aneurysm Operation was advised and accepted Fig 8 shows the 
roentgenographie appearance of the lesion two years after operation 



Fig- 4 Fig 6 

Fig 1 —Case 1 Oct. 11 1949 The aac Is beginning to form. 

Fig 5—Case 1 Dec. 16 1949 Sac is enlarging 


C\se 2—S L W, a 27 year old white man, was admitted to Kennedy General ^ 
pital on Jan. 25, 1945 He had been injured in an ambulance accident in Pans, France, 
Nov 27, 1944 These injuries resulted m paraplegia from the level of L-L All labors 
reports were within normal limits The history revealed that at the time of the acd 
a roentgenogram of the chest showed considerable wedging of the mediastinal shadow w ^ 
could be due to mediastinal hemorrhage Hollowing a repeat film two weeks later it 
reported that this mediastinal enlargement had disappeared. On Jan. 15, 1940, a roa 1 
cheat roentgenogram was reported as showing a localized small density in the left sup« 
mediastinum which was thought to be either a small dermoid cyst or lymph node enl^S^ 




HOLLINGSWORTH ET AL TRAUMATIC SACCULAR ANEURYSM 


329 







330 


THE JOURNAL OP THORACIC SURGERi 


(Fig 9) On ^lay 25, 194b, aa exploratory thoracotomy retealed this rna-s to be an aneurism, 
5 cm. in diameter, projecting from the lateral wall of the first portion of the descending aorta. 
The chest was closed, and recovery was uneventful He was discharged from the hospital 
on Aug 7, 194G There were no chest sy mptoms 

Discussion —From the leeoid available we have no lepoit of chest roentgen 
ogiams fiom December, 1944, to January, 1946 The mediastinal shadow appear 
mg in the initial film cleaied lather lapidly, indicating that it piobabh rep 
resented mediastinal hemoirhage Just when the aneurysm fust became usible 
oi how last it enlaiged is unknown It is suggested that m all cases of set ere 
chest tiauma, paiticulaily if theie has been any evidence of widenmg ot the 





Fig 9 Fie 10 

Fig- 9 —Case 2 Preoperati\ e film 

Fig 10—Case 2 Induction film no evidence of aneurysm 


mediastinal shadow, repeat loentgengiams should be made dining the first two 
or three months Fig 9 shows this lesion pieoperatit elt Fig 10 is the ind UL 
tion film taken m 1941 No aneuiysm is visible Fig 11 is a checkup fib' 1 
taken m August, 1951 No definitite treatment was giten, and it would e 
interesting to know if it would hate been mapped with Cellophane had d |at 
matenal been atailable at that time 

This patient has lemained well and without symptoms or etideut enlar„ e 
ment for oter seten tears after his accident But he is a paraplegic and l' 35 
been relatitely mactite Occupation may plat a pait in the late detelopn 1 * 111 ' 
of symptoms or rupture 


HOLLIXGSWORTH ET AL TRAUMATIC SACCULAR ANEURYSM 
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Case 3—This patient nas a 19 year old soldier whose lesion was discovered on routine 
separation chest roentgenogram m January, 1950 (Pig 12) On fluoroscopy there was «ome 
pulsation of the mass, but it could not be determined whether this was actual or transmitted 
On barium swallow the esophagus was seen to be displaced slightly to the right and pos¬ 
teriorly Physical examination was negative All laboratory data, including serology, were 
negative 



Fig 14 Flff 15 

Fig 11—Case 4 Jan 5 1952 Initial film posteroanterlorly 

Fie 15—Case 4 Jan 6 1952 Lateral showing mass and fracture of sternum. 



Fie 16 —Case 4 Barium swallow 




HOLLINGSWORTH ET AL TRAUMATIC SACCULAR ANEURYSM odo 

The only significant xeature of his history was that he had been involved m a jeep acci 
dent approximately one vear previously No chest films were available xrom that accident 
The chest roentgenogram on his admission to the anny was thought to be negative, bnt it was 
not available 


'1M3* 
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Left exploratory thoracotomy was performed on Feb 15, 1950, and a large tactolji 
aneury&m of the first portion of the descending aorta was found The chest was cltwi 
On March 22, 1950, the left chest was again explored with the idea of excising the aneurvn. 
However, it was thought to be too extensive Furthermore, the thinnest portion was -o 
densely adherent to the pulmonan artery, bronchus, and vein, it was thought that direction 
would be entirely too hazardous 

Postoperatively there was considerable difficult! in re expanding the left lung, but tt 
was finally discharged from the hospital on May 11, I960 The last roentgenogram was in 
August, 1950 (Fig 13) It shows that this mass was definitely larger 

Discussion —Heie is an otherwise healthy voting man who had been in a 
seveie accident one teai pievious to the finding of a laige saccular aorta, 
aneunsm While no pie-accident loentgenogiam is atailable, it is reasonable 
to assume that he had no such mass when inducted into the armt, and we are 
accepting it as a tiue tiaumatic saceulai aneunsm of the aoita 



Fig IS—Case 1 Feb 21 1952 Note Increase In sixe of aneurjsm 



Cel’opliane mapping was consideied at the first operation and, had it be«> 
available, might hate been used The only follow-up axailable is contain 
in a lettei and lepoited bv Di Paul to the effect that one yeai aitei lea' 111 - 
the hospital he is appaientlx all light ” Fuithei follow' up is unpoitant m 
this case, and even efiort will be made to obtain it 

C\se 4—M IV A, n 33 tear old white man, was admitted to Mt Alto Hospital "” 3 ^ 
ington, D C, on Dec 2S, 1951 The thief complaint was substernal pain which 
treated by swallowing This had been present since an automobile accident on Dec la, ^ 
at which time he was struck in the chest bv the steering column of Ins car He was 
scious for about two hours, and suffered numerous minor cuts and abrasions The suit 
pain, aggraiated b\ swallowing, had been constnnt It was knifebke, and occasion^ 
radiated through to the thoracic spine Follow mg one week of hospitalization he 
charged, returned to Washington, and had a chest roentgenogram taken at Arlington 
pital Ho wn 3 told that he had a mass m the posterior superior mediastinum, and thM 
mass most bkeh represented a hematoma 
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Physical examination was essentially negative except fox tenderness over the sternum 
at the level of the third costal cartilage The traehea was deviated slighth to the right 
All laboratorv examinations were within normal limits, except the urine and blood sugar 
This man was a known diabetic 

Posteroantenor roentgenogram of the chest (.Pig f4) taken on Jan 5, T9d2, demon 
strated widening of the superior mediastinum. The lateral film shows this mass to be 
somewhat posterior, and that there is a fracture through the middle of the sternum (Pig 1°) 

A barium swallow revealed a mediastinal mass with displacement of the trachea and esophagus 
(Fig 16) Angiocardiograms revealed an aortic aneurism arising from the left aspect of the 
transverse arch (Pig 17, A, B, C, D) A film taken on Feb 21, 1952 (Fig IS), sboned a 
moderate but definite increase in the size of the aneurysm A chest roentgenogrnni taken at 
Perry Point Hospital seven months previously was reviewed, and no evidence of a posterior 
i superior mediastinal mass was nbted 

Thoracic snrgerj consultation was obtained and a diagnosis of traumatic aneurvsm of 
the aorta was made Xo treatment was recommended and the patient was advised to have 
a chest roentgenogram once a month The hospital course was uneventful and the patient 
was discharged on Jan. 31,1952 

Discussion —There is no question but that this is a traumatic aneuivsm 
An interesting teatuie is the location, which is somewhat unusual Heie, instead 
ot the usual indnect cause ot aortic laceration (discussed latei), we piobablv 
have a direct injury from a cat mg m ot the sternum against the undeilvmg 
aorta The lesion showed definite evidence ot vnciease m sue during the hospital 
stav Our knowledge of the ultimate outcome ot this tvpe of lesion without 
treatment will be enhanced bv a careful long-term follow-up 


LITER VTURE 


Blunt force injuries to the chest mav cause a vanetv of intiathoiacie in¬ 
juries to the heart oi gieat vessels Rupture ot the heart, a heait valve oi the 
aorta, purulent peucaiditis, chronic adhesive peiicaiditis, initial stenosis, and 
aneuLvsm of the heart aie some ot the lesults of trauma reported m the 126 
cases collected In Bei nstem 1 He found that the first ease of traumatic aneu- 
rvsni was leported bv Lesta in 1S13 Howevei, the leport of this case would 
indicate that it was an aneunsru ot the heart 

Traumatic lupture ot the aoita is piobabh ot more liequent occuiieuee 
dun reports in the litezature would mdicate Case leports bv McDonald and 
Campbell, 3 Jafte and Sternbeig, 3 Sliennan, 4 Landau/ Kemp, 0 Busse,' and others 
have appeared fiom time to time Strassmanu 0 leports that, Horn appr o\i- 
nutelv 7,000 autopsies peitomied during the six veais trorn 1936 to 1942 at the 
Clnct Atedieal Examiner’s Office of New York Citv, seventv-two cases ot trau¬ 
matic rupture ot the aorta weie collected Ot the suxtv-one who had onlv one 
ute of ruptuie all but thiee weic m the thoiacic aoita Mennvev 9 reports a 
urns ot cases ot aortic wounds with siuuval Host were in the'thoracic aorta 
mt were caused bv penetrating injuries No late suivnal with aneurism was 


, nu,dl less rteipiuitv aie leports oi tiaumatic aneuivsm ot the thoraen 
- first mentioned bv Yersahus‘ u ovei tluee centuries ago Asehoft s case 
dm* to' SU ‘ n) ; U " as of thc dissecting tvpe was m the ascending aorta and urn 
t0 ‘ sunned thc injun mi tour months Leolnl^ 
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repoits a patient 60 jears of age who surnied a ciushing chest mjur\ for 
sixteen days At autopsy a dissecting aneuij sm ot the ascending aorta was 
found Samson 13 also lepoited a dissecting type of aneurysm of the descending 
aorta attubuted to an acident file yea is pieviously Hubenei ’s 1J ease followed 
an automobile accident It is impossible, fiom leading the case history, to be 
sure uhethei it was a saeculai 01 dissecting type Moxon 15 (1870) leports one 
case and Albutt 13 (1870) two cases diagnosed as traumatic aneurjsm ot the 
thoracic aoita All thiee weie diagnosed fiom clinical signs suggesting that 
they weie located in the ascending aorta Then tiaumatie oiigin was based on 
the fact that in each instance the patient was described as in excellent health 
befoie seveie chest injury, and the aneurysm was diagnosed shortly thereafter 

Hellei, 1 m 1903, writes of a man 37 jears of age who had a heavy mass 
tall on his chest He died eleven months latei, and autopsy levealed a saccular 
aneurysm of the fiist portion of the ascending aoita Kaufmann 18 reports 
seeing a “saeculai aneurysm as huge as a walnut m the thoracic part of the 
otherwise perfectly healthy aoita of a stuidy joung man It had developed 
some months aftei a seveie fall ’’ No fuithei mfoimation is given Sherman* 
cites a ease ot a man of 57 jears who died eight weeks after being knocked 
orer by a bicvcle He died suddenly with a seveie liematemesix Autopsi 
levealed ruptme of the thoracic aorta at the le>el of the fifth inteicostal arterv 
opening into an aneurjsm which had m turn eioded into the esophagus and 
luptuied Shennan calls tins a false aneui}sm, which classification is difficult 
to accept in view of the poor quality of the tissues which would of necessity form 
the aneiuysmal wall m this aiea Spearman and Nissen’s 19 cases were both 
due to gunshot wounds Speaiman’s was m a 19-jeai-old boy who died from 
rupture and Nissen’s m a 36-jeai-old man who was still alive after nme years 
Stryker 20 m 194S leports the case of an 18-yeai-old gill who was mjuied in an 
automobile accident five months before her death At autopsy one laige (4 cm 
by 5 cm ) saeculai aneurysm was found in the first portion of the aorta just 
above a cusp of the aortic lalve There was also a smallei defect on the opposite 
wall Striker also repoits two cases fiom the records of the Department of 
Pathology of the University of Michigan m which death occurred shortly after 
severe tiauma and m w'hieh theie was incomplete teaung of the aorta He 
believes this to be a first stage m the development ot traumatic aneui} sm 

DISCUSSION 

Traumatic saeculai aneurysm of the aorta mav be due to blunt trauma to 
the chest or to penetrating wounds This discussion is limited to the former 
In addition, greatei stiess is laid on those lesions lmohmg the first portion of 
the descendmg aoita This is the most fiequent site and the only one with which 
we hare had an} experience Of no less importance are those occurring m the 
first portion or ascending aoita, and any further stud} of these lesions should, 
it possible, melude both sites 

By definition 21 a tiue aneurysm is one in which the sac is formed b} the 
artenal walls, one ot which, at least, is unbioken, and a sacculate aneurjsm is 
a saelike artenal dilatation which opens mto the artery by an opening that is 
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small compared to the size of the sac We believe that the aortic lesions under 
discussion are true sacculated aneurjsms They aie a result of injury to that 
organ The mechanism ot formation is m direct relation to the degiee ot dis¬ 
ruption ot the aortic wall. Complete mpture means instant death If the 
mtuua onlv is torn, a dissecting aneurism may ioim 01 healing may occur, as 
Pecri 2 has shown in eases ot spontaneous lupture If both the intiina and 
media aie luptured, leaving only the adientitia, and death does not occur from 
other results of the accident, an aneuiysm may ioim To understand the 
mechanism of the foimation ot these aneurisms, theiefore, one must study 
aortic rupture 

Host authorities believe that the arterial system, it healthy, is able to with¬ 
stand, without ruptuung, any conceivable meiease in blood pressuie which can 
be produced by a stiongly contiactmg lett ventricle during gieat temporary 
phisical or mental strain Elotz and Simpson 23 ivere unable to rupture the 
aorta oi individuals fiom 20 to 40 yeais of age with piessures up to 1,000 mm 
ot meicurv, whde Oppenheim 2 * reported luptuie at a piessuie ot 3,000 mm. of 
mercurv It is theiefoie difficult to accept the theory that an increase in intra¬ 
arterial pressure causes a bursting ruptuie from within However, it must 
be borne m mind that a sudden change in pressure will have greater effect than 
a continuous foiee, 25 and it is possible that this is a contributing iactoi Obvi- 
ouslv, other more important factors must be considered, and several theories 
have been advanced 


It is important, at this point, to considei the usual site of ruptuie All 
reported aneurvsins and piacticallj all ruptuies were at one ot two sites, the 
first portion of the ascending aorta or the beginning of the descending aorta 
just distal to the hgamentum arteriosum Strassmann’s semes, the largest 
reported, showed that m thirty-eight of sixty-one cases the rupture was in the 
latter location As both of these sites aie also those ot pieddection tor 
spontaneous dissecting aneurysm, it must be agieed that they lepresent “weak” 
areas in what is usualh considei ed a tough organ ” Both the first portion of 
e ascending aorta and the beginning of the descending aorta are comparatively 
•ued points, the tormei b\ the fibrous union between the aorta and the pulmonarv 
arten > and the lattei b\ the hgamentum arteilosum and the large vessels 

According to Warfield 26 the mechanism m injuries to the heart and the 
proximal portion ot the aorta or the loot is that m full inspiration sudden com¬ 
pression of the chest finds the heart caught and held between the inflated lungs 
uolent blow on the chest, whether over the heart or not, may injure the heart, 
£*** u it is in diastole It max lupture the myocardium, a valve, or 
root ot the aorta Peery 22 states that the valve commissures exert a rocking 
e and pull ou the aortic wall as they aie driven shut m diastole by the 
1( ! UInn ot a °rtic blood, and this local force is probablj the cause ot the more 
^-quent occurrence ot tears at this point The fact that the tears are usually 
Wh\b v, rSe t0 axis ot ya ^ e commissures adds weight to this hypothesis 
vah,^ 4 WaS Spcakm S P art icularl 3 of spontaneous tears, Peery’s theory appears 
ana "* eonjuilctlou "nth that ot Warfield m cases ot traumatic rupture m this 
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leports a patient 60 jears of age who sunned a ciushmg chest injur} lor 
sixteen days At autopsy a dissecting aneuijsm oi the ascending aorta Mas 
found Samson 13 also reported a dissecting tipe oi aneuiysm of the descending 
aorta attnbuted to an aeident five yeais prenously Hubenei’s 11 case followed 
an automobde accident It is impossible, fiom leading the case history, to be 
sure whethei it was a sacculai oi dissecting type Moxon 15 (1870) reports one 
case and Albutt 16 (1870) two eases diagnosed as traumatic aneur}sm ot the 
tlioiacic aoita All thiee weie diagnosed fiom clinical signs suggesting that 
they weie located m the ascending aoita Theu tiaumatic ongin was based on 
the fact that in each instance the patient was desenbed as m excellent health 
betoie seveie chest injury, and the aneuiysm was diagnosed shortly theieaiter 

Heller, 1 ' in 1903, wntes of a man 37 yeais of age who had a heavy mass 
fall on his chest He died eleven months latei, and autopsy levealed a saccular 
aneunsm of the fiist portion of the ascending aoita Kaufmaim 18 reports 
seemg a “sacculai aneuiysm as laige as a walnut m the tlioiacic part of the 
otherwise perfectly healthy aoita of a stuidy young man It had deieloped 
some months aftei a seveie fall ” No fuithei mfoimation is gi\en Shennan 4 
cites a case of a man of 57 jears who died eight weeks aftei being knocked 
over b\ a bicycle He died suddenly with a seveie hematemesis Autopsv 
levealed luptuie of the thoiacic aorta at the le>el of the fifth mteicostal alter) 
opening into an aneui)sm which had in turn eioded mto the esophagus and 
luptuied Shennan calls this a false aneurysm, which classification is difficult 
to accept in view of the poor quality ot the tissues which would of necessity form 
the aneuiysmal wall m this aiea Spearman and Nissen’s 10 cases weie both 
due to gunshot woimds Speaiman’s was m a 19-jeai old boy who died from 
rupture and Nissen’s in a 36-)eai-old man who was still alive after nine years 
Stryker 20 m 194S lepoits the case of an lS-)eai old gill who was injured in an 
automobile accident five months before her death At autopsy one laige (4 cm 
by 5 cm ) sacculai aneuiysm was foimd m the first portion of the aorta just 
above a cusp of the aortic vah e There w as also a smallei defect on the opposite 
wall Strjker also lepoits two cases fiom the recoids of the Department of 
Pathology of the University of Michigan in w'lnch death occuired shortly after 
seveie tiaunia and m which theie was incomplete teaung of the aorta He 
believes this to be a first stage in the development of traumatic aneurysm 

DISCUSSION 

Traumatic sacculai aneurysm of the aorta may be due to blunt trauma to 
the chest or to penetrating wounds This discussion is limited to the former 
In addition, gieatei stiess is laid on those lesions invoking the first portion of 
the descendmg aoita This is the most fiequent site and the only one with which 
we have had an} experience Of no less importance aie those occurring in the 
first portion oi ascending aorta, and any fuither stud) of these lesions should, 
it possible, include both sites 

By definition 21 a time aneuijsm is one in which the sac is formed hv the 
arterial walls, one of winch, at least, is unbioken, and a sacculate aneuiysm i^ 
a saclike arteiml dilatation which opens into the artery by an opening that is 
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«rmall compared to the size of the sac We believe that the aortic lesions under 
discussion aTe true sacculated aneuiysms They aie a result of injury to that 
organ The mecha nism ot toimation is m direct relation to the degree of dis¬ 
ruption of the aortic vail Complete lupture means instant death If the 
mtuna only is torn, a dissecting aneurism may form or healing may occur, as 
Peerv- has shown in cases of spontaneous rupture If both the mtuna and 
media are ruptured, leaving only the adx entitia, and death does not occur from 
other results of the accident, an aneurism mav ±oim To understand the 
mechanism of the formation of these aneurysms, theretore, one must study 
aortic rupture 

Most authorities believe that the arterial system, if healthy, is able to with¬ 
stand, without ruptuiing, any conceivable mciease m blood pressure which can 
be produced by a strongly contracting left ventricle during gieat temporary 
phvsieal or mental stiam Klotz and Simpson 23 were unable to rupture the 
aorta of individuals from 20 to 40 years of age with piessuies up to 1,000 mm 
oi mercury, while Oppenheim 21 reported ruptuie at a piessuie of 3,000 mm of 
mercurv It is therefoie difficult to accept the theory that an mciease in intra¬ 
arterial piessure causes a bursting rupture fiom within However, it must 
lie borne in mind that a sudden change m pressuie will have greater eftect than 
a continuous force, 23 and it is possible that this is a conti lbutmg factor Obvi¬ 
ously, other more important factors must be consideied, and several theories 
have been advanced. 


It is important, at this point, to consider the usual site of rupture All 
reported aneurysms and piactically all ruptures were at one of two sites, the 
fct portion ot the ascending aorta or the beginning ot the descending aorta 
jnst distal to the ligamentum artenosum Strassmann’s series, the largest 
reported, showed that in thirtv -eight of sixty-one eases the rupture was m the 
latter location As both of these sites are also those ot piedileetion tor 
spontaneous dissecting aneurjsm, it must be agreed that they lepresent "weak” 


reas in what is usuallj considered a "tough organ ” Both the first portion of 
the ascending aorta and the beginning of the descending aorta are comparatively 
,}te< r points, the former bv the fibious union between the aorta and the pulmonary 
arterv, and the latter bv the ligamentum artenosum and the large vessels 

According to 'Warfield 26 the mechanism m injuries to the heart and the 
proximal portion of the aorta or the root is that m full inspiration sudden com¬ 
pression of the chest finds the heait caught and held between the inflated lungs 
'wlent blow on the chest, whether over the heait or not, may injure the heart, 
£*** it is m diastole It mav rupture the mv oeardium, a valve, or 
root oi the aorta Peer} 22 states that the valve commissures exert a rockmg 
t ie an d pull on the aortic wall as they aie driven shut in diastole by the 
mn 01 aortic blood, and this local iorce is probably the cause ot the more 
recurrence ot tears at this point The fact that the tears are usually 
Whij' t0 tke axis ot T al'e commissures adds weight to this hypothesis 
'ah/ ° WaS Speaklu S Particular!) ot spontaneous tears, Peery’s theory appears 
con I Unctlon with that ot Warfield m eases ot traumatic rupture in this 
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Strassmann believes that the majority of traumatic ruptures dev elop at the 
isthmus of the aorta because of the fact that the aorta is narrowed and relatively 
fixed at this site by the attachment of Botallo’s ligament This might render 
this portion of the vessel more subject to overextension or twisting or sudden 
increase in intra-artenal pressure 

Accoiding to Hass, 2 “whenever one part of the body is decelerated at a 
rate which is different from that of another part the connection between 
these parts is placed undei stress which is piopoitional to the rates of decelera 
non ” Rice and Wittstruek 28 have described their concept of the mechanism 
and shown it diagrammatieally as reproduced m Fig 19 According to these 
authors, ‘in linear deceleration of the thoiax, the central portion of the descend¬ 
ing aorta, being the least rigidly bound, is snapped forward by the momentum 
of the deceleration force and the mass of the aorta’s content of blood This 
force is irregularly absorbed by the elasticitv of the vessel and the thoracic 
contents the upper portion of the aorta is most ngidlv fixed by the great 

vessels of the arch and the ligamentum arteriosum This portion decelerates 
at the same rate as the whole bodv, while because of its less rigid fixation the 
descending aorta decelerates at a different rate This difference constitutes the 
force which is concentrated at the point of maximum fixation ” 

It has been suggested that the area just distal to Botallo’s ligament, being 
the usual site of coarctation, may be an embryologically weak point m the aorta, 
but no substantiating pathologic evidence has been shown. According to 
Abbott, 20 weakness at this point is usuallv associated with other vascular 
abnormalities 

Strvker 20 gives the only complete pathologic description of a traumatic 
aneurysm. Fig 20 is a cross section of the larger aneurysm in his first case 
“The interrupted elastic fibers formed a tangled mass at the edge of the lesion, 
and there were scattered individual elastic fibers and small masses of fibers in 
the walls and floor ’’ There was an organizing thrombus attached to a portion 
of the wall An additional interesting and important pathological finding was 
the piesence of subacute bacterial endaortitis 

TREATMENT 

Obviously, from this small series of cases, no dogmatic statement regarding 
the proper treatment of these serious lesions can be made As a matter of tact, 
with each case encounteied, a different problem was presented, and we became 
more confused Out of this confusion we have attempted to draw some valid 
conclusions but at this point we can only theorize and then place the matter 
before you for discussion and further consideration 

The treatment followed vvdl vary with the stage of development of the 
aneurvsm Arbitrardy we have divided this into three stages We believe, 
with Stryker, that there is a first or pre-aneurysm stage Here we have the 
laceration ot the inner two coats of the aortic wall and a varying degree of 
dissection That stage is well demonstrated in Fig 2 Strassmann showed 
this in the eight eases of his series who had mcomplete rupture If, at this stage, 


HOLLINGSWORTH ET AL TRAUMATIC SACCULAR ANEURYSM 


339 


the patient’s condition pel nuts, exploratory thoracotomy with suture of the 
lacerated aorta mav be feasible Dshanelidze, 30 Blalock, 31 Elkin, 3 ' and Beattie 33 
have all reported successful sutiue of a lacerated aorta The difficulty here is 
twofold (1) early diagnosis is essential and admittedly difficult, (2) untor- 
tunatelv manv, if not most, of these patients will be m serious condition from 
other injuries and not unmediatelv opeiable The duration ot the first stage is 
undoubtedly short 

Refeiring to Fig 3, taken two weeks after the accident, we see little change 
from Fig 2 Howevei, m Fig 4 there is definite beginning formation of a sac 
We assume fiom this that the first stage m this case continued for approvmiateh 
two weeks Should suture of the laceiation not be possible, mapping the area 
with Cellophane of the Polvtkene tvpe, as leeommended bv Poppe and de 
Ohvera 3 * tor syphilitic aneurv sms, is suggested This might prevent formation 
of the sac or at least pioduee enough reaction to limit its size 


POINT OF 
MAXIMUM STRESS 


UMIAR 
ACCELERATii 



^ ££* ranim *tlc representation of the mechanism of laceration of the healthy aorta 
y *nairect \lolence (From Hice and WIttstruek J 4. 1L A. Xo\ 1951 ) 

During the second, or developmental stage, as exemplified by Figs 4 and 5, 
operation should be performed as soon as the condition of the patient permits 
re one of two procedures might be earned out From the evidence available 
e wall of the sae consists ot the adventitia the opening into it varung with 
e Slz « ot the laceration While the sac is still small it might be possible to 
f ' e lt; an ^ then suture the laceration A more eonserv ativ e approach would be 
op lane wrapping This should prevent further meiease in size and reduce 
6 Po^dnlitv of rupture 

or ^ a t e stage, will comprise those cases seen months or vears 
Br 1 ” I’’ 5 aeel ^ en t, most probablv seen on roentgenograms taken routme’v oi 
^Jotier causes, as in Cases 2 and 3 ot this repoit Theie mav possibly be 
r ’ °oispresent as in Nissen’s ease reported eleven vears alter a bullet wound 
m World War I While the actual cause ot this aneurysm was different 
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from those under discussion, it gives us an insight into possible late results and 
thus might well influence the choice of treatment Because it represents the 
longest known survival of a patient with a tiaumatic aneurysm, we feel that a 
brief mention of the symptoms is in order They consisted of pressure feeling 
in the chest which increased to dyspnea on exertion, some cough with scantv 
expectoration, pains which radiate to the left aim, and disagieeable sensations 
in the area of the heart These symptoms had mcreased consideiably during 
the precedmg two years, and Nissen felt that this was piobablv due to an increase 
in size of the lesion 



Fig 20 —Section through saccular aneurysm elastic tissue stain See text. (From Stryker 

An J Clin Path Feb 1948 ) 

Whether 01 not suigical therapy should be lecommended in this stage 
might depend on tluee factors (1) the age of the aneurysm, (2) the age and 
occupation of the patient, and (3) the presence oi absence of symptoms Cer¬ 
tainly with an aneurysm of eonsideiable age, symptomless and in a patient with 
a more oi less sedentary occupation, one might advise against suigery But 
just when can a traumatic aneuiysm be deemed old enough to be considered 
stable? In Case 3 we see ratbei maiked enlargement, following evploiation of 
the chest, in a lesion over a yeai old Heie occupation enters into the picture 
Heavy labor is much moi e likely to be a cause of enlargement, symptoms, oi even 
rupture, than light desk work We belieie \eiv heavy labor to be contradicted, 
regaidless of whether the lesion is treated oi not Foi the \arious gradations 
oi work between that and a sedentarv lile, actue tieatment must be gneu vei> 
serious consideration It is not enough to adiise frequent chest roentgenograms, 
watching for a change in size, because any change mai be so sudden and exten 
sive as to quickly earrj the ease beyond help Case 2 has gone seven jears 
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without symptoms or change in the size of the aneurj sm, but the patient is a 
paraplegic and has perforce led a sedentary life Symptoms, it piesent, call 
lor surgical interference Nissen, 19 in 1927, suggested that suigical interference 
should lie considered m his case and should consist ot tiansplantatron ot fascia 
around the wall, 01 , it the stem of the sac was small, extirpation 

The conservative tieatment consists of Cellophane snapping We have 
no knowledge ot the long-term results with this substance in this type of lesion, 
but the results m some syphilitic aneurysms are encouraging enough to warrant 
a thorough trial Our patient has now gone two jears with no mciease m size 
ot his lesion (Fig 8), but he has leeently beeu hospitalized foi study because 
ot symptoms which conceit ably could be due to the aneurysm He had been 
operating a laige pneumatic dull for the past six months, which may have caused 
his symptoms even if he had no aneurysm Extensive studies, including an 
angiogram, weie negative He will leport to us latei after doing lighter woik 
In patients m whom the lesion is diagnosed at an exploiatoiy operation, we 
ieel that wrapping should be done It adds bttle to the piocedure, and may 
prevent future trouble 

bith oui present meagei knowledge of all phases of these lesions, we do 
not teel justified m recommending the more radical piocedure of resection and 
grafting Few climes in the country have the blood vessel bank needed, the 
procedure is a formidable one, and until the moie conservative treatment has 

been definitely proved inadequate, we believe that lesection will be raiely 
wdieated 

CONCLUSIONS 

" hh the many crushing blows encounteied in the ever-increasing accident 
fate, and with impiovement in diagnosis and treatment ot mti athoracic lesions, 
e ear *y recognition of traumatic aneuiysm becomes moie and more important 
b e would like to point out that a small density following parallel and out- 
j e ^ ie descending aorta was the first sign noted m Case 1 In the beginning, 
Ue to hemothorax, we interpreted the parallel density as pleural blood or fluid 
no more significance was attached to it As the shadow became largei and 
°re dense, the exact meaning was not known until the outlines began to be- 
me s h ar P, and then aneurysm was considei ed 
the 1 11 '' IC development of densities along the lett paramediastmum between 
---- aorta and hilum, mail} difteient causes must he considered Katz 
hrst K ' < P 0Lnt ou t the possibility of paramediastinal pleuial effusion which we 
nnal S t USPeCteCl blowever, lymphoblastoma and supenoi and posterior medias- 
mthefTT*, m ' anous sta S es of growth, may give a similar pictuie, as seen 
’Ahich ir ^, ancl t,ur d eases 30 We ha\ e recently seen a case ot a benign thymoma 
presented a shadow almost identical to these two cases (Cases 1 and 3) 

almost 1 V nterestm S t0 note that thiee ot the four cases presented here have 
dm, Uo 611 , 1 roeutgeuograpluc findings This mav be ot aid in future 
MS 0£ mis tvpe ot case 
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Angiograms have been of great value m making a conect diagnosis 3 liken 
the condition of the patient permits Fluoroscopic examination may or mas 
not give additional information, but sve feel it should be used as an adjunct 
diagnostic aid 

We believe that active tieatment is indicated in most cases if it can be 
accomplished without unduly adding to the risk, and, until more is knosvn of 
the ultimate outcome undei noimal conditions of living, this should consist of 
Cellophane wrapping As mentioned earlier, our knowledge is too meager to 
be dogmatic, but it is logical to assume that no surgeon could sit idly by, natch 
mg an aoitic aneuiysm grow larger and laiger, unless his considered judgment 
dictated that the usk of surgery was far greater than the lesion per se 

That a great deal of further observation and study is required is obvious, 
and it is to be hoped that the leporting of this small senes of eases will stimulate 
this study Such a study should include (1) extensive autopsy study of cases 
following severe chest injury, with paiticular refeience to aortic trauma when 
death has been delayed and was not due to the aoitic lesion, (2) autopsy study 
m all possible cases who die suddenly months oi years following severe chest 
injury, and (3) caieful roentgenographic follow-up of all patients who have 
severe chest trauma but m whom no immediate residuals are evident It is 
probable that many serious mternal injuiies are unrecognized, the obvious in 
juries such as fractures, etc , directing attention away from the “silent” injury 
Thousands of people aie injured daily There should be plenty of material for 
study 

We are indebted to Dr Felix Hughes and the Kennedy General Hospital, Col John 
Paul and the Walter Reed Hospital, and Dr Louis Alpert and Alt Alto Hospital for the 
use of Cases 2, 3 and 4, respectively, to Dr Walter Stryker, Dr S E Gould, Editor, American 
Journal of Clinical Pathology, and the Williams and W'llkins Company for permission to 
reproduce Fig 20, to Dr Walter G Rice, Dr Kenneth P V'ittstruck, and the Journal of 
the American Medical Association for permission to reproduce Fig 19, to the Department 
of Medical Photography at Mt Alto Hospital for the figures of Case 4, and to the Veterans 
Administration Regional Office at Albany, N Y, for the follow up on Case 2 
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DISCUSSION 

dur- ^ DENTOX A COOLEY, Houston, Texas—Despite the fact that numerous proce 
mceT ^ aV6 ^“SeMed and advocated for treatment of anuerysms of the aorta, for the 
ft r 'ard^ ar ^ resu Hs of such surgical techmques have proved to be unsatisfactory With 
^i\’\ fi° caW3 just presented, it appears worth while to caU attention to a more direct 
0 j uitive technique in management of such lesions, emphasizing a fundamental principle 
mgerv, namely, the excision of destroyed tissue 

. , “Pcnence with a small group of patients yvith aneurysms of the thoracic aorta and 
! "uati \ arlM >!m P*' rui,zet * to us the practicabilitj of excisional therapy in aneurysms so 

j oha3 l .'" le J T patient aged 37 years with coarctation of the aorta was admitted to the 
^InA ° pltlnii Dospital early in 1950 because of severe pain nnd pulsations in the right 
Tl ‘ ar r, -pon The coarctation was succe-sfully resected by Dr Blalock About 
nee Inter the patnnt yvas readmitted for exploratory thoracotomy on the nght side 
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At operation an extensive saccular aneurysm of the first portion of the right subclavian 
artery was excised Encouraged by the result obtained from excision of a large aneurjsm, 
I used this technique on a patient with a syphilitic aneurysm of the innominate artery 

(Slide ) The aneurysm arose from the arch of the aorta. The broad base of the 
aneurysm was occluded with a Crafoord clamp, and the aneurysm was excised Lateral 
aortorrhaphy was done with a double row of silk sutures The aortic tissue in tins patient 
with syphilitic aneurysm was tough and leathery and held sutures well. 

(Slide ) In this patient, a 54 year-old man, there was a syphilitic aneurysm of the 
ascending aorta and of enormous size The lesion was completely excised, and lateral 
aortorrhaphy accomplished to the 10 centimeter aortic defect This patient died eighteen 
hours later, probably of cerebral anoxia, most likely an anesthetic complication related to the 
bilateral open thorax at operation The first and second patients are alive and doing well 
In reported analyses of large senes of aneurysms of the aorta, one is struck by the 
alarminglj high expected mortality Tins feature of the problem places aneurjsm, together 
with carcinoma, in the group of highly fatal diseases An aggressive approach to such lesions 
by thoracotomy and attempted removal therefore is justifiable An important featuro in 
our cases of aneur j smectomy was a relatively pliable and elastic aortic wall suitablo for 
suture This is characteristic of syphilitic aneurysms, particularly in the relatively young 
patient A traumatic aneurysm, such as illustrated by Dr McCooey, and similar to my case 
of subclavian aneurysm, may likewise occur to an otherwise healthy aorta, and would, t er 
fore, be suitable for suture techniques On the other hand, aneurysms of an artenosc er 
nature are probably not amenable to this type of thernpv 


DR RALPH A DETERLING, JR, New York—We lia-e been fortunate at Pr~< 
bytenan Hospital in New York to have the pioneering efforts of Dr Blakemore lea us 
through various evolutions of treatment of aneurysms of the aorta As has been men o , 

most of those of the thoracic aorta that we encounter are syphilitic With this type t e »« 
of the aorta adjacent to the lesion may lend itself very nicely to suture 1 “ ( ) ue 
Blakemore and those of us who have applied plasticized polythene or fibrosing Cc op a 
the actual sacs have considered our over all results with this technique not too satisfactory 
We know of several cases in which the aneurysm has been fairly well contro e , u 
aorta has ruptured above the area where the Cellophane was applied This is a iaza 
certainly should be avoided if possible Consequently, the usual treatment of choice a 
bytenan Hospital has been the installation of fine wire into the sac I am spea » 
of the saccular type, such as were presented today Our experience with 1 11 s mo io 
extremely good, the mortality being essentially zero The pulsatile c i&rac er o 
_,pam related to the bone erosion, and the actual size of the aneurysm has t m e y s everal 

following application of between two and five hundred feet of wire In some 
applications of wire may be needed , 0 

Dr Blakemore himself prefers an apparatus which converts alternating cur ^ 
direct current to permit electrothermal coagulation in the sac He insti a spec 
sulated, flexible fine wire into the sac, which he heats at 80° C for about ten secon s. 
causes a coagulum to form on the wire mesh and perhaps produces a muc i quic or 
of the sac I have not used this particular apparatus, but have relied mam y on - » 

steel wire My results m a small series of cases have been very satisfactory a so : 

I have been looking for cases such as were reported here in which we might be a 
the sac and use a preserved homograft I feel that any other method than actua ^ 

tion of a normal linear channel of blood flow is somewhat short of wlmt we wou 


achieve 

DR OSLEB ABBOTT, Atlanta, Ga —I should like to speak on three points Our 
with regard to aneurysm has been that whenever possible tlicj should be resected 
thev cannot be resected then we use a combination of Cellophane wrapping an nire, 
in the ascending aorta, and the arch of the aorta, because of the frequencj with which 
has produced fatal cerebral involvement phenomena. The second point I would like 
out is the symptomatology due to stimulation of the adventitia of the aorta in the tra 
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cases. These patients will frequently have burning pain, particularly during the night, quite 
similar to that of myocardial infarction. The third point I would like to mention is to try 
to clarify rather than confuse the situation with regard to Cellophane The DuPont Com 
pany notified ns quite a wlule ago, and I know that Dr Poppe had considerable correspond 
cnee with them, to the effect that they wish to be of all help possible to the medical pro 
fe^ion, bnt are not a pharmaceutical house, they have now discontinued making, or stopped 
‘applying as such, reactive and nonreactive Cellophane What we have done is to follow the 
work of Dr Hufnagel and make our Cellophane nonreactive by soaking it long enough in 
alcohol Then we make a supersaturated solution of diacetyl phosphate powder m toluol We 
then paint this material under aseptic precautions on the Cellophane that we want to make 
reactive, then pnt it m zephiran for twenty minutes There is no question that the reactivity 
13 far superior to any that we have used before 

DR. ROLLIN' A DANIEL, Nashville, Tenn.—We have quite recently had the oppor 
tumty to operate on a Negro woman 67 years old, with a large aneurysm of the ascending 
aorta, with erosion of the sternum and marked tracheal obstruction. She had been unable 
to he in bed for several weeks before the time she came to the hospital 

(Slide) We excised the aneurysm at its base The patient expired four hours after 
‘he was returned to bed, of cardiac arrest Besuscitation was possible, but another arrest 
occurred about an hour later, and another, and she expired There are a few pomts, however, 
which I think may be worth mentioning This slide shows an area where the aneurysm was 
Ejected and the roughened area. This was an arteriosclerotic aneurysm, there was much 
calcium in the wall of the aorta. We dissected gradually and found it had a pedicle about 
two inches in diameter, considerably smaller in diameter than was at first realized 

(Shde) This depicts the suture line after excision of the aneurysm The fact that 
*he died leaves unanswered any question ns to the fate of this suture line Two other pomts 
which I think may be helpful, however, are first, the exposure, which was very good, obtained 
■ * rail secting the sternum and crossing tlie anterior intercostal spaces, and then dividing 
|L® cartilages on each side After thev were divided the sternum protruded far forward 
ccond, just as the clamp was placed across the pedicle, the aneurysm was opened at its 
apa and clots and bright blood in small amounts from the aorta were evacuated, at the same 
'me the clamp was tightened I think that cuttmg through or fracture of the base of the 
aneurysm would have been more likely had the sac not been opened widely before the base 
the aneurysm was clamped 

nnl ^ COOEY (Closing)—-I wash to thank Dr Cooley, Dr Deterling, Dr Abbott, 
i( Ul Dmuel for their excellent contributions to this presentation. Our conclusion is that 
is obvious further observation is necessary, and it is hoped that the recording of this 
'mall series will stimulate such a study ° 
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T HIS study was undeitaken because it was evident that continued progress 
m suigery of the heait would depend upon gieatei knowledge of the conse 
quenees of eardiotomy Little information was available 1 egarcbng the forma 
Lon of niuial thiombi and subsequent embokzaLon following incisional 
•wounds, neithei was mfoimation available legarding dehiscence of the wound, 
aneurysm, 01 nip true of the site Aecoickngly, the invesLgaLon was designed 
to sLidy the healing of the myoeaidium following extensive uicisional and 
excisional wounds of the antenoi wall of the left ventnele 

Fiom clinical piactiee it is known that eardiotomy is feasible, and con 
siderable expenence has accumulated m suigeiy cbiecteil towaid talvular 
diseases of the heait, lemoial of foreign bodies, and lepnn of stab u omuls 
In these instances the defects of the ventncular wall have been lelativeh 
small, and healing has usually been without complication Houevei, 11 an 
aneurysmal dilatation has been noted ten months following caubotomy for 
aorLc valvular disease, and in anothei instance 10 an embolus to the hi am 
followed the lepan of a stab wound No long-teim analyses have been re 
poited legaiding the couise and end lesults of myocaidial repan 

Caidiac muscle is a peculiai typfe of stiiated muscle and exhibits onh 
slight capacity foi regeneration 11 Consequently, union is a function of the 
development of a fibious scar stiong enough to budge the defect without yield 
ing to intei mittent inti acai diac pi essui e 

Fiom the general pnnciples of "wound healing, the course of myocardial 
lepair may be fanly well anticipated 7 An initial “lag” period of seieial dajs 
would be followed by a second phase of mci easing stiength due to the rapid 
proliferation and slower matuiation of the fibroblast In stiuctures until a 
high tensile stiength, the thud phase of increasing stiength coincident until 
the maLiration and mciease in amount of collagen extends over weeks rathei 
than days Ultimately, the tensile stiength of a wound is almost entire!} a 
function of the number of fibroblasts, then matuiation, and the adequacy of 
collagen toimation Scar tissue, howeiei, is seldom as resistant to tension as 
is normal tissue 5 13 Thus, if tension is present m any degree, the cicatux mai 
pioce to be a vulneiable point in that area subjected to such pressure or 
tension The heart muscle is unique in that it is constantly undei going con 
ti action and lelaxation, and yet is at all times undei tension 

From the Departments of Surger} Uni\erslty of North Carolina School of Medicine 
Chapel Hill N C and the State Uni\er3it> of Iowa College of Medicine Iowa CIt> Jova. 

Read at the Thlrt> second \nnual Meeting of The Ymerlcan Association for Thorac c 
Surgerj at Dallas Texas Maj 8-10 1952 
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Ofl a theoretical basis, with the knowledge of i\ onnd healing as desenbed 
and the changes that mar iesnlt in a seal fiom piolonged tension, some 
attenuation ot cicatrix joining caidiac muscle can be anticipated. Fnither- 
more the physical xoices aie such that undei ceitain cncunistances the re¬ 
sulting scar would not onlr become attenuated, but possibly ruptuie or develop 
an anenrvsmal detect A somewhat analogous situation exists following 
coronary occlusion and subsequent mvoeaidial mtaietion m which both mp- 
tnre and aneurysm are known to oeem The development ot such au aneuisym 
doselv mllows the oecnnenee ot mvoeardial mtaietion, appealing within a 
week to several months attei the acute episode 1 

Relatively tew expenmental studies have been dneeted toward this piob- 
hm. Those hv Elsberg 3 m 1899 concerned the healing ol heait wounds in 
rabbits, and disclosed the dei elopment ot a seal that did not interiere with 
cardiac mnctiou. His obseirations extended ovei a loui-veek penocL, and in 
onlv one instance was the seal noted to be ‘ thin and bulging ” ilore recently, 
Carter observed broadening and thinning of the eaidiac wound following 
excision ot portions 01 \entneles - These obseixations extended ovei a penod 
'u six months 


METHODS 


Xdult mongrel dogs weighing berween 10 and 25 kilograms were utilized as the ex 
(xnmental ammaL Employing intravenous pentobarbital sodium tor anesthesia in con 
i Cition with ati intratracheal airwav, thoracotomv was pertormed through the lett filth 
interspace 1 eatilation was maintained manually while the chest was open Alter dmd 
the pericardium parallel and medial to the left phrenic nerve exposure ot the anterior 
states of the right and lett \enmcles was obtained. The heart was bathed periodical!v 
- per cent procaine to reduce lrntabilitvs and to maintain moist surtaces. One suture 
placed through the apex ot the heart to facilitate control Two groups of expen 
then earned out 


. 1 aTfa measuring approximately three bv four centimeters, including the entire 

\rf De 3 0t ^* e ven ^ ncu * ar "all, was excised. This area was delineated bv ligating an 
Tie ' r tIV1 ° ° C descending branch of the lett eoronarv arten and accompanying vein, 
jv rt '? 10n ot subsequent ischemia measured approximately two bv three centimeters on 
"ill a0ten ° r Sur ^ ace *be lett \entnele This aTe3 plus the surrounding three to five 
xt ri-yh er3 Lar ^ lac was then excised attempting to divide the mcocardium 

" to its epicardial surtace The ligation of these smaU vessels usually does 

^ lafaCl - t > I= 15 hut senes merely to outline that area in which circulation 
La tem P°ran]v unpaired b\ internipnon of these vessels at the time of excision 
1 ln are a are interior to the papillary muscles and do not encroach upon the 
fij ^' ratn '- u Lr conduction mechanism. The resulting detect in the ventricular wall was 
■wfe pl 3 laterru P te d through and through sutures or No 0U0 black silk. These sutures 
e.,. jjjjj ^ ’ a PProximateh three tourths to one centimeter apart and irom one to one and 
m ^"'J'aeters irom the wound margin, passing through the epicardium, myocardium, 
l^Pv^ r l ? m ' The a 'erage length ot the closed incision on the epicardial surface 
1 l ” ree ant * * our c« Q ttmeters, requiring p\e to six sutures lor closure Eitteen 

bailable tor penodtc examination during the course of wound healing, with 
J ns made o\er a penod of fom six months 
V I 

" r -lr-ealar ^ C4r ' ncl=lou ma,le m the lett \entncular wall parallel to the inter 
wptma be'ond the gro-s arborizations of the rami ot the antenor descendin' 




J ut the left 


coronary arten The incision was approximate!! four centimeters 
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length. Twelve dogs were observed over a period of eleven months In two additional animals 
a two centimeter incision in the same location was earned out. Closure was effected as 
desenbed m Group 1 

Since the techniques employed for limiting blood loss are not pertinent to this dia 
cussion, thej will be desenbed only briefly Three methods were utilized. (1) Excision 
of the ventncular wall was performed with the blood loss being proportionate to tho time 
required for wound closure (2) Underlying mattress sutures were placed pnor to incision 
of the myocardium and subsequently removed after closure of the cardiac defect (3) In 
the majority of animals the supenor and inferior venae cavae were clamped, occluding the 
return flow of blood to the heart, except that through the azygos vein and coronary sinus, 
This last method was found to be the most expedient as far as diminishing blood loss 
was concerned, and also decreased manipulation of and trauma to the heart Wound heal 
ing followed the same general pattern regardless of the technique employed. 

In the pilot experiments, serial electrocardiograms were procured during all phases 
of the procedure as well as early and late in the postoperative period. The animals were 
sacrificed at periodic intervals under pentobarbital sodium anesthesia In each instance 
the heart was observed directly for evidence of cardiac aneurysm 

CHANGE IN DEPTH OF SCAR 
FOLLOWING EXCISION OF VENTRICULAR WALL 


Depfh of scar expressed as % thickness of 
normal ventricular wall 



MONTHS 

Fie 1 
RESULTS 

Group 1 -—-With excision of a portion of the ventuculai nail healing " as 
charaetei lzed by the eaily production ot a nanow scar measunng the entire 
thickness of the apposed surfaces This depth of seal was maintained for a P 
proximately one to two weeks, and then rapidly decreased in thickness dunn 0 
the ensuing tuo weeks so that at the end of one month the cicatrix joining 
cardiac muscle measuied only 50 per cent of the thickness of the adjacent norma 
ventneulai wall* With incieasing intervals of time theie usually dc\elope 

• Ml measurements were taken from the midportion of the scar which a as usually 
thinnest. with graduation toward extremities. 
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attentuation until the scar measuied 30 per cent ol the ventneulai wall (Fig 1) 
In some instances this developed as eaily as two months, whereas in others a 
relaPvelv thick seal was maintained until the tune ot sacufiee at eight months 
The greatest attenuation was observed in those animals sacrificed at thirtv-three 
and torty months (Fig 2) 

Concomitant with early healing, theie also occurred meiease m breadth or 
the scar so that in its nudpoition it usually measuied between nine and elei en 
millimeters These changes were observed as early as one week, and seemed to 
bear no direct relationship to the depth of the seai oi the elapsed time 
(Fig 3) 




was t 11,1 linear incision of the ventricular wall the course ot healing 

ever, Vl ” ^ '' ^ obsencd in Group 1 Differences m degree were noted, how- 
monh n 1 tenuatlou ot tbe cicatrix was present but was less pronounced, and 

ventnetdar ““n ^ U ' an 50 per cent of the thickness of the adjacent 

breadth oi tl ^ FlS ^ Tbere uas also moie variation m the maximum 
was no err ? f eSr ’ " hlch varied ±rom tl™ to elei en millimeters Again there 
which tuo, 0 ? 011 NVltl1 elapsed time or de P th of scar In the two dogs m 
lendinev eU iaieter mcisions weie made in the same location, iery little 
months (P,o- W 4 ) attenuatlou was observed o\er a penod of tour and sue 


toth e n pan le d ,?if r !. he f ° lloums features were obseiwed to occur without regard 
l llc,l a r procedure can led out 

01 that tardnf'l^T^^r^rosco^c examination disclosed an initial death 
uncle made ischemic b\ wound closure Tins ?one ot necrosis 




1 Ik. I —C tohh tioctlonul view throuKh mhli>orUon of wear at Indicated intor\nl from time of cardlotomy Note variation 
\n hteadlh ami depth of near t, One week ll, two wooKh, G, oih? month J). two monthu Jw three monlliu I, twonlj 
month* 
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was variable m width, and in a few instances involved the entire portion of the 
mvoeardium. imprisoned by sutuie material The neciotic muscle was lapidly 
invaded and replaced by gianulation tissue apparently arising from adjacent 
viable myocardium (Fig 5) Complete replacement was usually present be¬ 
tween two and three weeks The more mature scar was characterized by an 
abrupt transition from lelatiiely normal myocaidiuni to dense, at times almost 
hyalin, cieatm The production of cartilage and bone was obseived m one 
instance Considerable reaction was piesent about the sutuie material, and, as 
was noted grossly, the scar usually extended two to five millimeteis beyond 
the sutuies 


CHANGE IN DEPTH OF SCAR 
FOLLOWING INCISION OF VENTRICULAR WALL 
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Fig 4 

. ~ Endocardial healing —TTitlun one week both the suture mateiial and 

nU ed en doeardial siutace were coiered with a thin layer ot fibun Rapid 
^ nt ' 1 a mesothelial oi endothelial-like limng occuned which was 
sm ' la ' eoiu plete at two weeks Theiealtei the endocaidial seai lemained 
’ v,ldl the sutuie material well embedded within the scar 
made * IDUte( * num bei ot observations ovei a penod of eleven months weie 
tn ,j ° r | dealing following placement ot sutures without engagement ot the 
Ws th ni ? Tiie J would suggest that attenuation is the same oi somewhat 
in , QI JU w len tbrougli-and-thiough sutuies aie placed. Furthermore, broaden- 
'"-'' a Uril) lr V ' aS 1CS5> cons P lcuous 0Q the endocardial siutace These findings may 
i^, ^ Utcd t0 t,le fadure ot mcoipoiation ot the endocardium resulting in 
necroSls and to the foiei gn bodv reaction being limited to the nno- 


Depth of scar expressed as % thickness of 
normal ventricular wall 


• • • 


234 5 6 7 8 9 10 II 
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3 Tluombus formation and embolism —There Mas no evidence of embolism 
m any of the dogs observed In seventeen heaits examined between one and ten 
days postopeiatively, only two instances of mural thiombus occurred In one 
of these, a relatively laige area of necrosis was piesent at the sutme line 

4 Epicai dial healing —The epicardial scar was greater m breadth than 
that on the endocardial surface, and was adheient to the pericardium In a 
few animals the sutuie material seemed to he extiuded tow’aid the epicardial 
surface (Fig 3, E, thiee months) 



Fig 5—Healing 1 at H\o weeks Note replacement of dead muscle by granulaUon tissue. 


5 Wound dehiscence —Rupture of the myocaidium at the site of sutuie 
occur led in three of twenty-seven dogs surviving partial excision of the \en- 
tnculai wall, and in three of eighteen dogs surviving linear incision foi an 
over-all incidence ot 13 3 per cent This comphcation occurred early in the 
course of the experiments, and with gi eater experience was practically elmn 
nated. In every instance in which luptuie occurred there was neeiosis of a 
portion of the myocaidium contained within the suture line Dehiscence 
occurred within one to seven days postoperatneh 

6 In no instance did death occur fiom bleeding at the site ot the suture 
line or trom cardiac tamponade 

7 Aneurysmal defects did not develop, although in thiee animals (Figs, 
and 2) the scars measured between one and two millimeters at the thinnest 
point It is conceivable that if these animals had been permitted to survne 
a longei period ot time aneurysmal dilatation might lia^e occuried 
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S Cardiac failure was not observed. 

9 The electrocardiographic findings were those ot mild changes m the T 
waves similar to those observed bj Fowler and associates 4 

10 Adhesive pei icarditis —A significant number ot animals weie noted to 
have an adherent pencai drum which snugly fit the epical dial suriaee This was 
partieularlv adherent at the site of myocardial incision and damaged epical dram. 
Although in rnanv animals the pericardium seemed to tightly encompass the 
heart, there was no evident increase in venous pressure, ascites, oi penpheral 
edema In those heaits with a “tight” pencai diurn, the heart was seen to bulge 
through the peneardmm upon its incision Although cartilage and bone ioima- 
tioa were observed m myoeaidial scars, none was noted involving oi arising in 
adherent pericardium. Xo relationship was observed between time and ad¬ 
herence ot pencardium and essentially none between the type of experimental 
procedure and the degree ot adherence 


DISCUSSION 


These findings indicate that, despite a lelativelv laige eaidiac v\ ound, re¬ 
pair is earned out in a manner sunilai to that observed in other tissues in which 
regenerative capacity is niL Thus, the defect cieated is efreetivelv bridged for 
lunctional purposes Although on a theoretical basis sufficient attenuation of a 
brge wound to produce rupture oi an aneurxsm would seem a leal possibility, 
lt was not observed experimentally It is appaient that the degree ot attenua- 
u on is dependent upon several tactors The relatively greater depth ot scar 
observed attei linear incision as compared to partial excision can piobably he 
attributed to a nicer coaptation ot wound margins so that the entile lentneular 
"all is m apposition. It is unlikeh that am theoretical changes in mter- 
'tntncular tension due to decrease in size ot ventricular capacity would account 
lor such difierences Theie was less attenuation in relatively short, two-centi- 
meter , me isions than in those twice this length Although m geneial the degiee 
01 attenuation remained iairly constant regaidless ot the thickness ot the 
T vutneular wall, those legions neai the apex measured the thinnest in teinis ot 
•alters, and it is m these regions that an aneurvsmal dilatation would seem 
m °At lihelv to oecui Anothei tactor must be the amount ot muscle made 
^ emic b\ an encircling sutiue It gieat enough the course ot repan would 
more analogous to that of a healing mvoeardial miaiet 


though it has been leeommended that sutures be placed so tliev do not 
l ' U: en doeardium, 3 10 this requires a nicety of placement that is seldom 
> nt*'" UQt ^ el ^ le present circumstances Furtliermoie, the sutures within the 
>ljn nCU lr ^ urilen are sooa cov ered with a thin lay ei ot fibrin and are no more 
x v. -Atom as a souice ot emboli than the denuded caidiae muscle, although 
u,, 1 Ka P eiIect "ound coaptation, the endocaidial suitaee would be 

has b>eeu the expenence with intimal sutures within the aorta, the 
\ Klr<r u 01 a rapid blood flow seems to minimize the chance ot a large thrombut 
' Ior,ae d and subsequent embolization 

j |' ra ' te d number ot obseiyations suggest that additional cardiac load pro- 


an arteinnenoiis fistula, suffiuent to result in nuld cardiac fivper- 
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tiophy, does not mateiLilly affect the couise of healing as described Increase 
in body weight—heait weight ratio was used as a eiitenon of hypei tiophy s s 
Wound dehiscence seems primarily to depend upon the amount of necrosis 
of eaidiac muscle caused by the wound closure With experience in the place 
ment of sutures and the attainment of appropriate degrees of tension, t his com 
plication should be obviated 

SUMSURY 

1 ffepan of laige eaidiac wounds in the dog was chaiactenzed by pioduc 
tion of a dense seal uniting the wound margins without appaiently impairing 
cardiac function 

2 Attenuation of this seal ocemied so that at one month it measuied 50 
pei cent of the thickness of the adjacent noimal ventuculai wall and usually 
continued untd tlie seal measuied 30 pel cent of this thickness These changes 
occuired ovei a penod of seveial months 

3 Theie iveie eonsxdeiable variations in the bieadth of the seal 

4 No evidence of aneuiysm was obseived in the scars under noimal and 
under incieased eaidiac load 

5 Embolism was not observed following any of the proceduies 

6 The strongest scai was obtained with the shoitest incision thiough the 
thickest part of the myocardium in conjunction with maximum wound apposi 
tiou by sutui es causing minimal ischemia 
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HE3IOPERICARDIU3I AND CONSTRICTIVE PERICARDITIS 

Johaxs L Ehrexh aft, 31 D , VXD Rodm ax E Tvder, 31 D (by ixyit vtiox) 

Iowa. City, Iowa. 

T HE development of the majority of eases oi constnctive pencarditis is 
not well understood Tubeiculosis has been implicated in flora 10 to 28 
percent ot vanous coUected senes such as those lepoited by Beck 1 and Cham- 
bhis The remainder have been asenbed to acute pyogenic infection, 
rheumatic levei, polyseiositis, or unknown causes The pathologic findings of 
those in the lattei categories usually show nonspecific fibiosis with 01 without 
calcification Frequently theie is nothing to suggest tubeiculosis or a specific 
etiologic agent It is this gionp ot patients we aie concerned with in this 
publication 

The occurrence and subsequent opeiation ot a patient with chiomc hemo- 
pericardium and eailj constnctive peneaiditis Avhicfi developed following 
nonpenetrating minimal pieeordial tiaruna was lecentlv obsened by the 
authors. Relatnelv minoi piecoidial tiaurna, followed by development of a 
1 ronit heuiopericardium, was cleaih estabbshed in the development of this 
vase The postulation ot such a sequence ot events opeiatmg m patients with 
nonspecific constnctive peneaiditis is woithy of tmthei study The etiologic 
relationship between pericardial hemonhage piodueed bv tiaruna and late 
c mine constrictive peneaiditis has peihaps been overlooked. Chiomc pen- 
* a fusion and pencaidial henronhage may lemain lelativelv asympto¬ 
matic ior long penods ot time until definite symptoms ot constnctive pen- 
rat-t iti s l Jeeome appaient This latent penod of varied length has been men- 
lj ncil m the tew leported cases 


REVIEW OF LITERATURE 

Interest m the etiologv and development ot constnctive pencarditis was 
111 1929 5 and 1930, 4 who investigated the results of 
en ,l | utlon Placed within the pencaidial sac At this time the possible 
<htb r' 8 usm ° this solution tor nngation m cases ot puiulent pencai- 
f ba> ic CrC Un< ^ el m ' es,:1 Sation using dogs as expeimiental anmials A hemor- 
Mnstr llencar< ^ tls " as piodueed by this solution which was followed bv late 
rictne peneaiditis 

1 ‘rir ble 10le 0t hem01lha se into the pencaidial sac and its lelatiou 
\m 0 . )sv Ue P erl( -aiditis was first suggested by Daniel and Puden in 1932 
\h e p irt ^ m tIieu case consisted of piecipitated cholesteiol within 
sa! 'wiuem' 1UI " IIe, “°nhnge, tollowed bv piecipitation ot blood lipids and 
latntioiu, , pentaidltls - "as offeied to explain the pathogenesis 3Vhite° 
0 P°ssible lole ot tiaumatic hemopericardium in the etiolo"\ of 

c f j-v ° 

Inmrsitj »n 0 at T t ° C Sureerl D!U3lon of Thoracic Sure^o Colle R e of Vledlcine. 
'■ Dmi l « T fe*Ma" d S . V ,? n T 3 , 5 ^ eLllne ° f The V,nerican v-aoclatlon for Thoracic 
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adhesive pericarditis in the 1937 edition of his textbook Extensive con 
stuctive peucarditis was found at autopsy by Glenn" m a patient who had 
suffered a crushing injury to the chest three years ante mortem This author 
felt that traumatic hemopeneardium was responsible m his ease Hemosiderin 
and lipids were found microscopically m a case of hemorrhagic pericarditis 
by Voldet 8 Recurrent hemorrhage was believed the etiologic factor m this 
pi esentation, and the author implicated eithei trauma or myocardial mfarc 
tion as the source of bleeding Peneaidieetomy was performed by Dejon 9 m 
a 19-year-old soldier for hemopeneardium which followed nonpenetratmg 
chest trauma Syphilis was implicated in one of four cases of chrome hemor 
lhagie pericarditis by Proment and associates 10 One of thiee patients with 
chrome constrictive penearditis leported by Baiker and Johnston 11 required 
pencardiectomy three years following trauma to the chest cage Ada and as 
sociates 12 report a somewhat similar situation, and present the microscopic find 
mgs The patient had experienced three episodes of nonpenetiatmg chest 
trauma during the two yea is pnor to pencardiectomy 

The most recently reported case was that of Overholt and associates 13 
Bilateral fibrothoraces accompanied the ehronic constrictive pericarditis 
Decoitication of all thiee sites resulted in improvement Nonpenetrating 
trauma preceded surgical tieatment by five years, and the symptoms resem 
bling Pick’s disease were well developed at that time Sterile hemopencaidium 
and hemothorax weie thought to be the etiologic factors This is the first 
recorded case studied pre- and postopeiatively by cardiac catheterization and 
ventilatory function studies 

The aspiration treatment of pericaidial tamponade following penetiating 
eaidiac wounds has been leported by Elkin and Campbell 11 and Ravitch 15 
Development of the process undei discussion in this situation would seem a 
real possibility The question has been raised whethei blood left within the 
pericaidial sac would not eventually lead to the development of constrictive 
peneaiditis We did not observe blood to be clotted within the pencardial 
sac of the case which is piesented, but that this may occur has been mentioned 
by Hagune and Gage 13 Well-developed chrome constructive pencaiditis was 
found in one of Maguire’s patients who had been treated foi a penetiating 
cardiac wound by aspnation six months pieviously 

Unfortunately, the type of patient most kkely to incur this mjury is 
not often avadable foi follow-up study Chrome constrictive pencaiditis 
has not been observed by eithei Elkin 16 oi Ravitch 17 m their eases treated by 
peiieai dial aspiration That this tram of events may occur more frequently 
than the liteiature indicates seems entirely possible 

Tvo eases of cholesterol pencaiditis aie to be found m the Engbsh liter 
ature The most recent by Ada and associates 19 was of unknoivn cause A 
chrome constnctive penearditis ivas found The gianulation tissue and scar 
contained cholesterol ciystals Unrecorded and uniemembered preeordial 
trauma producing hemopeneardium must be considered as a possible etiologic 
agent 



EHREX HAFT AND TABER HEMOPERICARDIUAI AND CONSTRICTIVE PERICARDITIS 357 


la a collected senes of 261 eases of nonpenetiatmg injury to the chest, 
Warburg 50 found evidence of pencardial hemonhage in 23 per cent 

Kerley 21 feels that eases of calcific pericarditis may well be due to a 
traumatic hemoperieardium rather than to specific infections such as tubeicu- 
losis 


CASE REPORT 


K. D, a 35 year old white truck driver, entered the University Hospitals on Jan 4, 1951 
Admission was prompted because of bleeding from a left bronehopleurocutaneous fistula 
which had persisted after drainage of a lung abscess at the age of 4 years He was a well 
developed and well nourished man in no acute distress He was afebnle, and the blood pres 
sore was 120/85 A large bronehopleurocutaneous fistula overlying the left fifth nb was pres 
ent The remainder of the physical examination was essentially normal 

Bronchograms revealed bronchiectasis involving the lingular segment of the left upper 
lobe and the bronchial fistula leading into this pulmonary segment On Jan. 10, 1951, a left 
n ppei lobectomy was performed. Convalescence was uneventful, and the patient was dis 
charged in good condition on Jan. 21, 1951 An electrocardiogram was normal Roentgeno 
Snuns of the chest at the time of discharge showed a normal heart shadow and a well ex 
panded left lower lobe 

The patient was readmitted on July 25, 1951 He had gained twenty one pounds, and 
bad resumed work. No unusual symptoms were noted, but upon more thorough questioning 
it was discovered that he had noticed some shortness of breath and easy fatigue during the 
past few weeks 


A routine roentgenogram of the chest revealed a huge pericardial shadow This was 
an entirely unsuspected finding, and it was only following further questioning that he re 
'a'kil being struck by a baseball over the precordium six weeks prior to thus admission. On 
v .7, 1951, the pericardial sac was tapped and 20 c c of old, dark blood was removed, 
enous pressure readings were 170 mm of saline On Jul) 30, 1951, the pencardial tap was 
repeated, and at the same time cardiac catheterization studies were earned out m the cardio- 


T ABLE I. COlIPAEATIYE STUDIES OF PERICARDIAL FLUID AND PERIPHERAL VENOUS BLOOD 
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vascular laboratory * Three-hundred eighty cubic centimeters of dark blood were withdrawn, 
and two hundred fifty cubic centimeters of air injected. Withdrawal of the fluid caused 
simultaneous decline of elevated mtrapencardial and nght mtra atrial pressures toward 
normal The fixed cardiac output revealed a significant degree of tamponade or constriction. 
Comparative studies of pericardial fluid and peripheral venous blood are shown m Table L 
On Aug 3, 1951, a partial pencardiectomj was performed Most of the pericardium 
overlying the left ventricle and nght ventncle was excised. About 500 c c of old, nonclotted 
blood were removed from the pencardial space The pencardium was noted to be four to sir 
times its normal thickness There was extensive organizing granulation tissue over the 
epicardium and pencardium. No sig nifi cant bleeding points were found within the pencar 
diurn at operation An electrocardiogram showed a decrease in the QRS and T waves His 
postoperative course was uneventful, and he was discharged on Aug 12, 1951 



Flu 1- 




-Photomicrograph of excised pericardium showing: organizing - granulation tissue 
reported patient with chronic hemopericardlurru 

Microscopically the sections show extensive nonspecific granulation tissue and scar 
The strikingly thickened pericardium showed scarnng m various forms of organization from 
fibrin most superficially to relatively avascular laminated collagen in the deeper lasers There 
was chronic inflammation and foreign body giant cell reaction present Considerable va5 
culantv was seen throughout, most apparent in the areas o± organizing granulation 
Many phagocytes containing blood pigment were noted (see Pig 1) The pencardial o 
was inoculated into a guinea pig and reported as negative for tuberculosis A c 
culture proved it to be stenle Q g 

The patient was readmitted on Aug 24, 1951 His vital capacity at this time was 
liters He had been working and felt much better than he had prior to the last admission* 
The venous pressure was So mm. of saline and the circulation tune, arm to tongue, was ^ 
seconds using Decholin. A roentgenogram of the chest revealed a heart of normal size 
roentgenkvmogram showed normal cardiac movements \n electrocardiogram showed o 
inverted T waves Cardiac catheterization was performed and revealed essentially no 
resting values (see Table II) He was discharged on Aug 2S, 1951 

•These findings will be reported In detail b> Ames and associates Amejncan Journal of 
Medicine (In press) 
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The last admission occurred on Feb 26, 1952 A roentgenogram of the chest revealed 
again a normal cardiac silhouette (see Fig 2) Besting values during cardiac cathetenza 
tion at this time were essentially normal. He did, however, have a fixed cardiac output under 
exercise. This was interpreted as showing some evidence of limited cardiac expansion The 



r,J | 0 n ?r>nal conncuration a ?f 3 hsnrt h f S i t i of , pat J ent " lth chronic hemopericardlum 1 Jan ’l 

S' 0 'hlc Hu/he I h ,,r' ld ^ tUe prt5ent tlrae for the d.ielopment or further symptoms It is 

U "-rat the time of ’'T*' 011 ° f tllL tllukencd ipnardmm which was a poorh defined 

lime ot tlic peril irdieuonn 
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Table II Cardiac Catheterization Data 


PRESSURES 
(MM HG ) 

NORMAL 

PREOPERATIVE ] 

3 WEEKS 
POSTOPERATIVE 

Right atrium 

s/o 

20/15 

10/2 

Right ventricle 

Pulmonary arterj 

Pulmonary capillary 

30/0 

32/12 

21/0 

30/15 

31/16 

26/15 

6 

12 

5 

Cardiac output at rest 
(liters per minute) 

00 

04 

0 75 


eardrum was found to contain very feAA r lymphatic channels ivhieh accounted 
for the scanty colloid removal Electiolytic solutions veie easily remoied 
through vaseulai channels 

The Avell-defined sequence of etents, namely, hemopencardium pioduced 
by nonpenetiatmg pieeordial tiaurna, followed m seven veeks by the detelop- 
ment of early constuctive penearditis m the case piesented, prompted us to 
make the following investigation An attempt aa as made to produce chionic 
eonstuctne pencarditis by injecting the lipid fraction of dog’s blood into the 
pencardial sac Upon suggestion by Di N A Womack the lipid poition a\ as 
utilized because it was thought that it might be the most likely fraction to 
produce inflammatoiy lesponse Anothei senes ot animals uas maintained 
simultaneously by injecting autogenous blood into the pencaidial sac 

Fouiteen mongrel kennel dogs A\eie utdized The injections ueie made 
under mtiavenous Nembutal anesthesia using conti oiled endotracheal oxygen 
ventilation The animals vaned m size betueen nine and foiuteen kilograms 
A left thoracotomy was earned out, and the mjections made through a needle 
m the pencaidial sac The needle uound A\as ligated to pieient leakage of 
the injected material The senes of animals m which blood vas used seried 
as then own donors, the blood being aspirated fiom the auncle 01 a entrit e 
and injected direetlj into the pencardial sac The laigest dogs received 100 
c e oi blood, and the smallest leceived 50 c c Moie than this amount ot m 
jected blood fiequently piecipitated acute tamponade, and lequned paitia 
iemo\al ot the mjected matenal 

The senes ot animals receiving lipid extract weie opeiated upon under 
snnilai conditions They tecened the lipid tiaction of 100 ml ot dog bloo 
in 25 ml of phosphate buftei suspension having a pH of 7 This suspension 
Mas injected in a like manner The lipid fraction A\as extracted fiom poo e 
dog’s blood by the folloinng method The blood Mas collected in 500 ml ot 
exti acting fluid eontaimng 111 ratio of acetone, alcohol, and ethei ® 
lesultant suspension Mas filteied through a Bueknei funnel and aa ashed 
seceial portions ot extiactmg fluid The filtiates neie pooled and evaporate 
The bpid fiaction was piepared toi injection by placing 600 mg of the evapo- 
lated maternal m 25 ml ot phosphate buftei, emulsiiving it in a flaring 
blendei The material was then steuhzed m rubbei stoppeied bottles at J 
lb pressuie toi fifteen minutes Plasma deteiminations on v\hole donor < °t~ 
blood showed cholesterol 130 mg per cent and proteins 6 to S 6m An ana - 
\sis ot the lipid traction extracted trom pooled whole dog’s blood yielded tic 
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..Items 600 mg hp.d fraction contained choteteroMLiebMmam-B^ 

^ method) 52 mg or 8 7 per cent, f£*P^‘ ( ®f ot Ju P id 

mg or 817 per cent, and the lemamder, 08 mg 01 9b per cen 

^"“o dogs each o± the blood and lipid series we sacrificed at mteivals 
.. ££ VSt* mon.Cs Tiro dogs mjeeted ^ 

line cholesterol in salrne weie sacrificed at six and ten 



,, rig 3—Photomicrograph 
‘jo c-c. uf autogenous blood 
a 'e J er*n (Iron stain) 


of eplcardlum of a dog 
Scarring Inflammatory 


sacrificed one month after Injection of 
response and pigment-laden phagocytes 


EXPERnLEXTCL RESULTS 

til animals oi both series showed changes in the pencaidium and epi- 
*-ardimn The amount of scar tissue response taried irom rather minimal 
’-hanger, u\ some ot the dogs with lieniopericardium to iaradtanced heiuor- 
thaeic const rictn e pericarditis m one dog oi the lipid series The pericardial 
' ls aut ot all aiinn lls teas examined microscopically using hematoxt lin-eosm, 
Lou, and special lat stains Xonc oi the dogs echo had autogenous blood in 
’^hd into the peiicardnl sac dec eloped ad\ aimed changes oi constrictne 
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penearditis These animals showed patchy peneaidial and epical dial scar¬ 
ring without formation of a constrictive envelope Adhesions between the 
peneaidial and epical dial layeis weie not a piominent featuie None of the 



Fig: 1—Photograph showing heart of a dog- Injected with blood lipid fraction sacrificed at 
three months Adhesl\e pericarditis is demonstrated 
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injected blood is as found in any of the dogs at the time of autopsy, and none 
oi the pericardial findings were more marked in the dogs sacrificed at longer 
intervals 



Fif 6 Photomicrograph ahonlnc adhesive pericarditis in a dog Injected with lipid suspension 

three months before sacrlOce. 
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Microscopically, the areas of patchy peneaidial thickening showed in 
flammatory reaction and scarring with dense collection of phagocytes filled 
with blood pigment (see Fig 3) 

Animals who had the blood lipid fractions injected all showed more ad 
vanced changes Those changes consisted in pericardial and epicardial thick 
ening, patchy areas of granulation tissue, and adhesions The changes were 
more advanced in the a nim als which weie sacrificed at longer mteivals (see 
Fig 4) No evidence of peneaidial effusion oi remnants of the injected lipid 
suspension were found fiee within the pericardial sac 



One of the animals died at seven weeks with advanced findings resem nig 
Pick’s disease due to constrictive pericarditis Giossly the animal had gen 
eialized edema, ascites, and bilateral pleural effusions The heart was sma , 
constricted, and sunounded by a densely thickened pericardial and epicardia 
layer A small amount of hemorrhagic sterile fluid was present in the pen 
caidial space (see Fig 5) 

Microscopically the presence of adhesive pericarditis with slight lnflani 
matorj response uas found in some of the less-advanced specimens (Fig 6) 
In the animal vhieh died of the constnctive pencarditis, extensive mflaniroa 


/ 
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ton response and scarring vveie piesent Consideiable amounts ot oiganizing 
fibnn, some of which contained eailv calcium deposits were found (Fig 7) 
Fat stains (Sudan III) demonstiated phagocytized lipid matenal within the 
extremely scarred epicaidium and pericardium (Fig 8) 

The two dogs which lecened crystalline cholesteiol suspension injections 
into the pericardial sacs, sacrificed at six and ten weeks each, showed essen 
tialh the same findings as the majontv of the dogs leceivmg the lipid extract 
Well-developed constrictive penearditis was not pioduced m those animals 

SUMMARY 

A review of the literatuie has revealed seieial cases which show the se¬ 
quence of traumatic hemopeucardium followed at vaiying inteivals by signs 
and symptoms of coustuetive peneaiditis The patient lepoited in this pres¬ 
entation adds additional evidence to this line of thought 

A series of dogs received an nitiapencaidial injection o± autogenous 
dog’s blood and a second series injections of the lipid fiaction of pooled dog’s 
blood Only one animal in the latter senes demonstiated well-developed con¬ 
strictive pericarditis The leniamdei ot the dogs in the lipid series showed 
lesser changes The annuals in the blood senes showed the least changes 
These experimental findings are inteipieted as suppoitne evidence that m 
some instances eonstnctive peneaiditis mav be the end lesult of mtrapen- 
cardial hemonhage It would also appeal that the lipid fi action of blood is 
probably the significant component in the production of pencaidial leaction 
This problem is not tonsideied closed until similai e.xpenments have been 
earned out using repeated injections of blood and lipid fractions of blood to 
simulate more long-standing hemopericaidium 
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DISCUSSION 

DB C THOMAS BEAD, Phoenix, Ariz—Early in our studies of the enzymes in bew ,, 
1 ork, we were asked to see a patient who was practically moribund with Fnedlander’s pncu 
moma on the left side Apparently an empyema of the pericardium had formed and we were 
asked to investigate this situation relative to the use of the enzymes We thought this of i 
fered an opportunity to stndy an unusual situation so a small polyethylene catheter was in 
serted into the pericardial sac by way of a large needle of about 12 to 13 gauge When the 
catheter was in the pericardial sac, the needle was removed The catheter was then attached 
b\ way of another smaller needle (cannulated within the catheter) to a three-way stopcock 
The catheter was left m situ for a period of thirty six hours, and the three ivay stopcock 
was put there in order that, if evidence of a tamponade existed, relief of pressure could be 
carried out The original specimen of material aspirated was frankly purulent and thick 
Upon about three treatments with the enzy-me material, an almost serous fluid was the end 
result In this situation, whether it was the treatment of the tamponade, or the purulent 
pericarditis, we do not know, the patient made a recovery so far as the pericardium was 
concerned I offer this method as another way in which hemopencardmm might be managed 

DR MARK M. RAYITCH, Baltimore, Md—As Dr Ehrenhaft stated, Dr Elkin, Dr 
Bigger, and others have been interested in pericardial aspiration of acute traumntic tam 
ponade, and Dr Blalock and I have now a senes, with the house staff, of 18 or 19 cases o 
acute traumatic pericardial tamponade, treated with aspiration As Dr Ehrenhaft indicat , , 

the citizens who are the subjects of such injuries have a certain self interest m remaining , 

unavailable, and we have been able to trace only four of our patients who have been intensive 
studied by Dr Robert Mason. None of them had aneurysms, none had constrictivo peri 
< arditis, and none had electrocardiographic abnormalities AVe have had the opportunity t 
explore the pericardium in only one patient after what appeared to be a successful aspna 
tion This wa 3 a man who was shot through the heart His electrocardiogram, taken almos 
as soon as he arrived at the hospital, was diagnosed as showing a block of the nuteno 
descending coronary artery He did have pericardial tamponade All his indices were 
versed by the aspiration treatment He died m cardiac failure within a couple of hou 
Autopsy showed the injury to the coronary artery and only two or three cubic centime i 
of blood at the bottom of the pericardium. 

AVe have had in Dr Blalock’s senes of constrictive pericarditis, one patient who had 
a \ery severe crushing injur} to the sternum years before, who appeared to have a 
chronic constnctive pericarditis However, we have a clinical observation which ia ® 
to ask Dr Ehrenhaft a question about the case which he is reporting This was a 
who was stabbed through the left chest, had a typical pencardial tamponade winch 
dramatically relieved by the aspiration of blood, who was admitted to the hospital and sta)* 3 
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there for several days, when the tamponade returned slowly The pericardium was aspirated, 
re-aspirated, and aspirated again, and it soon became apparent that this was bloody fluid 
and not blood, that he was not leaking from the heart, and a more careful check showed that 
he had active apical tuberculosis on the lelt and, in fact, he turned out to have a tuberculous 
pericarditis That won maw well go on to develop a chrome constrictive pericarditis, die 
presume that the wo undin g instrument either went through the lung or, possibly, through 
a tuberculous medias tinal Ivmph node, and it was interesting to me that Dr Ehrenhaft’s 
patient did have some sort of pulmonary difficulty 


DB ADRIAN LAMBER T, Jr, New Tork—I recently had occasion to operate on a 
patient with chrome hemopencardium of approximately three years’ duration. The cause 
of this was unknown. He had had for the last vear symptoms of cardiac tamponade that 
Here relieved bv aspiration, which had become ineffective for the last three weeks, just before 
our exploration. At the time of operation, m spite of vigorous supportive treatment, he 
eame to the operating table with marked anasarca. On opening the pericardium approxi 
mately SOO u of chrome fibrinous bloody sludge was removed with old blood. As to the 
etiology or the hemopencardium, the cause is still unknown. 

It was lelt, because of the anasarca, that the patient preoperatively was suffering from 
constriction of the inferior vena cava as well as the cardiac tamponade, and at operation this 
was borne out Over the visceral pencardmm there was a plaque that was approximately 
1 millimeters in thickness Removal of this in one area was attempted but the heart 
muscle was so thin and edematous that the heart itself was perforated This was con 
trolled bv resuturmg the plaque, after which, as the patient suffered no untoward effects, 
the interior vena cava was freed of its surrounding membrane Following this the heart 
went into marked dilatation, in spite of the fact that the plaque was still present over 
its musculature Arrest of the heart followed, which was relieved by manual massage 
‘0 that permanent dilatation did not result In retrospect, therefore, it was felt that the 
fact that we had not removed the plaque had actually saved the patient’s life This brings 
ap the point whether, m these cases of constrictive pericarditis associated with tamponade, 
it might not be better, if there is constriction of the inferior vena cave, to free that first so 
15 to avoid dilatation that cannot be controlled, reserving removal of the visceral plaque for 
a later date if constriction is not completely relieved. 


ALEXANDER ADA, New Tork.—In March, 1918, I had the opportunity to ob- 
'vne a patient who had a pericardial effusion. In the previous five months he had received 
ee distinct contusions of the anterior chest wall. The notable findings on examination 
were d'apnea, cyanosis, distention of the neck veins, and an enlarged heart The venous 
ptessim, was 290 mm. of saline Pericardial tap performed in December, 1947, produced 
c ' c blood. The diagnosis of hemopencardium was made and, due to the persistence 
0 the latter and the possibility of a neoplastic process or a vascular lesion, pencardiotomi 
was advised. 


It operation the pericardium was found to be bulging, denmtelv thickened, and lined 

^ wughont bv fine vascular granulations which bled easily on contact Large plaques of 

^ were present m the pericardial sac, and there were adhesions between the visceral 

to paneta ' poncardium I felt that the pathologic process present would evcntualli lead 

card COnstril ' tlve pericarditis, therefore a resection of the anterior two thirds of the pen 

1Um performed. This also facilitated drainage of the pericardium into the median 

t Bm ‘ pathologic diagnosis was “chronic fibrous pericarditis with old and recent 

"iirorrliu^e ’ 

t i_ u Tilu t * 10 11131 time, to our knowledge, that pencardiectomj has been performed for 
rir icJ" ,, Jr lial0U Due to tlie '“'-reusing incidence of trauma to tbe chest, hemopen 
.a', r V v , 0VClIr m0r ° fr '-‘l ucntI ' anJ “O' «*-ape diagnosis Unquestionably in a large 
- 'iU° h ^ cai *- 3 > the blood is absorbed without any apparent residual damage. On 
Cl. . lt , J r anJ ' unll cMcd chrome hemopencardium will cientualh had to comstnctive" pen 
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Dr Ehrenhaft and Dr Taber are to be commended for their investigation of this par 
ticular problem and for bringing to our attention another etiologic factor in the production 
of pericardial constriction 

DB BHBENHAFT (Closing) —We have not had occasion to try clinically or ei 
penmentallv the treatment with enzymes, but I think it should be tried If one reviews the 
literature one finds several cases of traumatic hemopeneardium and constrictive pericarditis, 
and one is impressed that there are sometimes years between the time of injur}, if it can be 
elicited from the lustor}, and the evidence of constrictive pericarditis 

In answer to Dr Bavitch’s discussion, I think that the injury m this patient and the 
hemopeneardium are diflmtely related to each other, and not to be bronchopleural cutaneous 
fistula following drainage of a lung abscess at the age of 4 years 

I feel as Dr Ada does that in these patients peneurdiectomy should always be done 
I did not want to bring up the question of aspiration treatment versus pencardiotomy 



RUPTURE OP THE ESOPHAGUS 

Robert L Anderson, 3LD (B\ Invitation) 

Tdlsv., Okla 

SPONTANEOUS ruptuie ol the esophagus was first described m 1724 b\ 
^ Boerhaave 24 Fiom that tune up to Decembei, 1950, theie weie described 
111 world literature ninety-two eases 40 Eighteen ot these individuals sui- 
vned . 3 4 10 4 ‘ =1 ~ 31 34 Ji 1951 theie vveie, to my knowledge, 

twelve additional eases leported , 5 14 23 3 ’ 40 43 44 eight ot whom survived It 
b the purpose ot this papei to repoit torn additional eases and to discuss 
problems associated with the etiologv, diagnosis, and tieatment ot this condition 
In 1944 Graham 21 desenbed two eases that survived following surgical 
drainage oi the pleuial eavitv The first case that survived following thoracot- 
om\ and repau was reported in detail bj Bairett 3 m 1946 The first clinical 
diagnosis made betore death is credited to Hev ei in 1846 24 Even though this 
condition has been lecogmzed tor ovei two hundred vears, the successful tieat- 
ment has occurred laigelv in the past five vears 

Relativeh little has been written on this subject, and even now many 
P 'siuans aie unaware of its existence Articles and textbooks reviewing the 
i n ereutial diagnosis ot acute surgical emergencies otten fail to mention 
rupture oi the esophagus Ruptuie ot the esophagus piobablv occurs more often 

a 'i is suspected This condition should, theretore, be the subject ot continued 
scrutiny 


CVSE REPORTS 

0 ^ ASE J I 1 " j a 51 vear old white man, was admitted to St John’s Hospital, Tulsa, 
J t about * P " iI 0Q ''° V The P atlent 3 t ate( l that he noted, while eating dinner 

‘ P 11 ’ *^ a t ' le bad a ' ensa tion of something ‘baching up into his throat” He 
H, A' 1- ™ s ' va H°'vs of water, m an attempt to wash the bolus of lood down, with no effect 
a ‘abstcrnal pam that followed the last swallow of water This was followed by a 
I a about" t '^ , “ aatriL P ain which lasted for several minutes and was then partially relieved 
l' j lu ^ t 1 m,nutc = the pain recurred and was extremely severe It had persisted from 
Past* 1 ! 11 t l< ” ^ UUl " tko examina t l 0 Q - There was no retching or vomiting 
•r- had { riTeaIed symptoms of peptic ulcer for which he had been under treatment 

cSrj t0 ~ himself to his ulcer regime. He was known to eat poorlv, and con 

1 an ^i ar ° e uuantitics ot alcoholic beverages Roentgenograms in hint ot IO 50 
l<eptic ulcer 

' 3 !u> rmhtl* '' iamiaat,ou ri -' ealed a well dev eloped, well nourished man He was lving 
' -.rau'of m ,: r .T th h ‘ akueL3 drawn U P He wa3 DOt ,n shod - bad previously receiyed 
uajaature 100"• y bI °° d 12S/7S > puhe 112 ’ «*P*»»t.on. 28, 

r i u n :r, at U ! li tlm> - es = ent ‘ alh “^atne except lor the following findm s 
- ngiditv in the mulcpigastric r,„ion with mild tenderness There v^m, 

•''Dalle T Tex‘i. V C Ia> l ‘V \ n 0 nU l95. M ^ tlnK ° f lhe UllLrl ^‘ n '»>^lalIon for Thoracic 


l 

-Hi 


3o9 



370 


THE JOURNAL OP THORACIC bURGER\ 


slight tenderness throughout the remainder of the abdomen The lungs were negative to 
auscultation and percussion There was no subcutaneous or mediastinal emphysema noted 
Roentgenograpluc e xamina tion at this tune revealed no air beneath the diaphragm and the 
chest was clear No mediastinal emphysema was noted A diagnosis of possible perforated 
ulcer was made, and a Levine tube was inserted and constant suction applied. Intravenous 
fluids and penicillin were given 

On November 26, the red blood count was 4 6 million, with 14.3 Gm. of hemoglobin. 
The white blood count was 22,300 with 94 per cent polymorphonuclear leukocytes The 
serum amylase was 87 mg per cent at 10 a. if and 122 mg per cent that evening Urinalysis 
was normal. 

On November 27, a roentgenogram of the chest revealed a pleural effusion on the nght 
Aspiration revealed a bloody, turbid fluid It contained 18,400 red blood cells, 14,300 white 
blood cells, and was negative for free or combined hydrochloric acid. A diagnosis of rupture 
of the esophagus was made 

On November 28, a barium swallow was earned out which showed a defect in the 
esophagus in its lower third Surrounding this was a mediastinal abscess, with free air in the 
mediastinum Subcutaneous emphysema was felt m the left supraclavicular area Aspirated 
pleural fluid was positive for hydrochlonc acid. The patient’s condition remained the 
same, although he complained of increased substemal pam, and pam over the posterior 
portion of the nght chest 

On November 29, the patient was taken to surgery and a posterolateral thoracotomy 
incision was made over the ninth nb on the nght side The thoracic cavity was entered, 
and a good exposure to the lung and esophagus was obtained The thoracic cavity was 
partially filled with sanguino purulent fluid. The fluid was evacuated, the lower and middle 
lobes of the nght lung were decorticated and re expanded However, after some difficulty 
a longitudinal slit, approximately 1 Vi cm in length, was found on the anterior surface 
of the esophagus lying approximately two inches above the diaphragm. This perforation was 
closed in two layers, using black silk interrupted sutures The thoracic cavity was thoroughly 
cleansed, and penicillin and dihydrostreptomycm were instilled into the thoracic cavity The 
lung was re expanded. The incision was closed with interrupted chromic catgut Two large 
i atheters, one posteriorly and one anteriorly, were left m place to facilitate drainage of the 
pleural space and mediastinum. 

The individual had a somewhat stormy convalescence The stomach was kept decom 
pressed by means of a Levine tube and the patient was fed parenterally, receiving blood, 
plasma, protein hydrolysates, and glucose m Hartman’s solution 

The total proteins on Dec 12, 1950, were 5 12 Gm. per cent, with the albumin - 49 
Gm. per cent and globulin 3 23 Gm per cent Although subsequently the protem rose, the 
reversal remained. 

Tube feedings were started on the seventh postoperative day, and gradually m 
creased daily Becauso of distention and nausea, the Levine tube was left in until the 
fourteenth postoperative day Because of loeulated effusion and clinical evidenco of a 
localized mediastmitis, the intrapleural catheters were not removed until the fifteenth post 


operative day 

He continued to improve, and was given diet by mouth on December 12 The patien 
was discharged on an ulcer diet on Dec 24, 1950, which was twenty five days following t ® 
operation. He lias remained well up to the present time, and works every day He is s i 
on a restricted diet because of his ulcer history He has a normally functioning esophagus* 


and barium swallow reveals no deformity 


Case 2—V McC, a 48ye4rold white man, was admitted to St John’s Hospital, T i 
Okla, on March 6, 1950 At about 3 a.M on March 0, 1950, this patient had a sudden onse 
of severe epigastric pam preceded by severe vomiting He gave a preuous history of having 
had digestive disturbances for which he frequently took soda. He had not been eating 
or drinking heavilv before the onset of this episode, and gave no history of having keen 
a hea\\ consumer of alcoholic beverages At 6 30 AM the patient took a small drink 
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-.vater which was followed by a severe pain similar to the previous one The patient was 
admitted to the hospital at 9 am , at which tune his temperature was 100 1° F, pulse 124, and 
aspirations 24. 

Phvsical e xamin ation revealed the patient in severe pam. He was warm and moist, 
and had no symptoms of shock. Respirations were rapid and shallow There was a tachv 
rardia without thrills , murmurs, or irregularity The lungs showed a slightly diminished 
tactile fremitus in both lower lung fields posteriorly, together with tubular breathing No 
evidence of free fluid in the chest was found at this time The abdomen was rigid with 
generalized tenderness The peristalsis was diminished 

IIis blood count upon admission was a 2 million red cells with 15 0 Gm. of hemoglobin, 
li,ooO white blood cells with 95 per cent neutrophils The urine was normal Roentgenogram 
upon admission showed no air beneath the diaphragm Roentgenogram of the chest at this 
time showed evidence of fluid in the left thoracic cavity 

Bi 3 pal the epigastric pain had progressed into the anterior chest and was causing 
h pnea with cyanosis Temperature had risen to 101 8° F, the pulse was 124, and respirations 
44 At 9 pit. there was evidence of subcntaneons emphysema noted over the supraclavicular 
areas, face, neck and anterior chest wall 

The patient was given morphine, oxvgen, penicillin, intravenous fluids and aureomycin 
On March 8 the patient’s condition was still precarious, and consultation was sought 
The consultant made a diagnosis of spontaneous rupture of the esophagus The only treat 
ment advised was a thoracentesis The patient was taken to surgery, and a catheter was 
introduced into the thoracic cavity on the left and attached to an underwater drainage bottle 
The Levine tube was used to give the patient tube feedings 

On Match 9 the pleural fluid was tested for hydrochloric acid and proved negative 
Roentgenogram still showed massive effusion in the left chest 

On March 14 the blood count showed 4 S5 million red blood cells and 12,900 white blood 
■■Ob, with So per cent polymorphonuclear leukocytes The blood amylase was normal The 
»otal protein was 5 77, with the albumin being 2 81 and globulin 2 96 Gm per cent The 
rHondes and CO, combining power were normal The left chest showed massive effusion 

On March IS bismuth introduced b\ mouth was found bv roentgenogram to be in the 
kft thoracic cavity Left pleural effusion was still present 

On March 22 the patient was discharged with a diagnosis of ruptured esophagus a id 
empyema. 

On March 24 thoracotomv was carried out m Dallas, Texas, bv Dr Robert R Shaw 
Perforation of the esophagus was found immediately above the diaphragm This was re¬ 
paired, the long wa3 decorticated, and the empyema euntv drained Recovery was unevent 
u , and the patient was discharged in twelve dais 

The patient has done well sime, and is now completeli well 


\\ ^ VSE ® ^ i a 59 \ car old white man, was admitted to the service of Dr A Rav 
'h!/ V ' Hospital, Tulsa, Okla , on Oct 12, 1950 Two hours previous to the time 

patient entered the emergency room, he was sitting m a cafe, eating He noticed, shortly 
,^o-^ *hat there was swelling of his eyelids and that his face was puffed up This 
^ enonienon continued and, after a short while, was associated with n severe cramping ub- 
'a th* 3 ' ** ain ^ became progressively more short of breath At the time he was seen 
il If emtfr i' e n<'' room he was in shock He was complaining of severe cramping 
"JJ n a pam and shortness of breath There had been no vomiting at am time 
i-H lh" history revealed he had had some difficulty in eating and swallowing for the 
, r ic Weeks There was also a history suggestive of peptic ulcer in the past He was 
be a chrotuc alcoholic 

v -tc ^ ICa * eia0lnal ‘on revealed a well dm eloped well nourished min in shock and 
*'»U^ wra ' 1 c 'anotic There was subcutaneous emphysema around the eves and 

1 Mj, *" f3Ct ’ n< - ck > and the upper and anterior portion ot the chest wall There were 
’ ' r ‘h'' 1 throughout both lung fif Ids however lire ith sounds were beard 

” Jt Tl “ k 'uwds vo re dinnni-hid -ommli it on the right sid, The respiratory rat< 



372 


THE JOURNAL OF THORACIC £>URGER\ 


was 40 He had an irregular pulse of 108 The heart showed no thrills and there were 
no murmurs noted- His blood pressure was 132/90 The abdomen was rigid and tender 
throughout 

Laboratory data showed a red blood count of 4 2 million, white blood count of 10,200, 
with 79 per cent polymorphonuclear leukocytes The urine was not abnormal Boentgeno 
grams taken of chest and abdomen on this date reveal the presence of subcutaneous 
emphysema and mediastinal emphysema There was no evidence of pneumothorax, 
atelectasis or fluid in the pleural cavity at this time A diagnosis was made of ruptured 
viscus, probably esophagus 

The patient was given oxygen, morphine, and antibiotics A Lex me tube was intro 
duced into the stomach and constant suction established. He was gixen blood and fluid 
intravenously Conservative treatment was earned out over the next nine days The 
patient received intravenous fluids, blood, stimulants, and intramuscular injections for 
pain 

On Oct 14, IS50, fluid was seen by roentgenographic examination in both bases 
There was more fluid on the nght side and honeycombing of the lung occurred suggesting 
pulmonan edema, possibly on the basis of cardiac decompensation Fluid was removed from 
both right and left thoracic cavities by thoracentesis Further roentgenographic examinations 
of Oct. 20, 1950, showed the subcutaneous emphysema gone as was most of the pleural 
fluid. Some fluid remamed in the left base By banum swallow a diagnosis of hiatus 
hernia was made No esophageal perforation was demonstrated 

The white blood count rose to 38,000 with 93 per cent polymorphonuclear leukocytes 
The total serum proteins were 5 5 Gm per cent on October 21, the albumin being 1 65 Gm 
per cent and the globulin being 3 85 Gm per cent. 

On Oct 21, 1950, the aspirated pleural fluid contained hydrochloric acid for the 
first time The x ray revealed an increase m the fluid on the left A diagnosis was made 
of a ruptured esophagus or a rupture of a portion of the stomach contained in the hiatus 
hernia 

On October 22, the patient was taken to surgery and an operation was earned out 
by Dr A Kay Wiley and Dr R hi Shepard Through a left thoracotomy incision, a foul 
smelling empyema was entered and drained. The lung was decorticated and a rent in the 
esophagus was found 1 cm. above the diaphragm This was closed with interrupted cotton 
sutures, the lung re expanded, and the chest closed with an anterior and posterior dram in 
place 

The patient did satisfactordy after operation. Howeyer, one week after the thorocot 
omy the ruptured esophagus reopened and an esophago pleural cutaneous fistula was formed 
at the posterior drainage site 

The patient was discharged from the hospital on November 31, 1950, with a posterior 
drainage from the esophageal fistula but otherwise in satisfncton condition He continued 
to do well, with his fistula draining very little Recent follow up is not ayailable 


Cxse 4.—J H, a 55 year old man, was admitted to Hillcrest Hospital, Tulsa, Okla, 
on March 2, 1949 His chief complaint was inability to swallow Ho had had tins difficulty 
off and on for the past three months and, for the past eight weeks, had taken nothing hut 
liquids He had lost about twenty pounds He had had some “heartburn” and «ubsti rnnl 
discomfort 


His past history rerenled that he has had a history of trouble with swallowing for 'A 
years In June, 1948, a biopsy of the esophagus had reyenled the presenco of a n»hl 
esophagitis 

On physical examination, this patient was a well deyeloped, poorly nourished man who 
gave the appearance of being m constant distress An examination of the chest reiealcd >' 
to bo clear to auscultation and percussion The respiratory rate was 16 The heart w aS 
regular without thrills or murmurs, not enlarged, and his blood pressure was 110/00 The 
pulse rate was 68 On examination of the abdomen, the livor was found to be greatlx 
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enlarged, extending four fingerbreadths below the costal margin It was smooth and not 
tender The spleen was not enlarged, and the abdomen showed no evidence of masses, 
cars, tenderness, or ascites Thorough examination revealed no other abnormalities 

Banuni swallow at this tune repealed an irregular obstruction involving the lower 
third of the esophagus extending to within one inch of the cardia The esophagus abov e 
uas nightly dila ted. The urine was normal There were 4-12 million red blood cells and 
13 Gin. hemoglobin. White blood count was 8,600 with 63 polymorphonuclear leukocytes 
The blood sugar was 92 1 mg per cent, the prothrombin 91 per centj the total protein 4.7 Gnu 
per lent, and the chlorides were 679 mg per tent The albumin globulin ratio was not done 

Because the patient was unable to take sufficient food by mouth and because dilation 
of the esophagus at this tune seemed hazardous, he was advised to have a temporarv 
gastrostomy followed later by esophageal resection or dilatation. This he refused, so on 
March 3, 1949, the patient was taken to surgery A No 8 x 45 esoplmgoscope was introduced 
down to a level just below the aortic arch At this level it was noted that the mucosa of the 
•'Opliagus was extremely red and edematous and the scope was inserted no further Nos 10 
and 12 esophageal bougies were successively introduced over a previously swallowed string 
These passed under direct vision into the stomach with no difficulty Further dilatation was 
not considered wise 

The patient returned to his room in good condition and later had a lunch of clear 
liquids For dinner he had cream soup and other liquids Both meals were taken without 
pain or difficulty m swallowing The next morning he had a soft diet for breakfast and 
another soft diet for lunch About ten minutes after his lunch, while sitting up in bed, 
hi had a sudden excruciating substernal pain He did not vomit 

Examination one hour later showed the patient to be wnthing in pain and sweating 
profuseh His color was good, there was substernal and upper abdominal pain with 
■add abdominal rigidity There was no subcutaneous emphysema The pulse was 100, 
temperature 99 4° F and respiration 24 The blood pressure was 110/80 Breathing was 
difficult. 


IVithiu au hour roentgenogram of the chest revealed a collapse of the right lung and 
U1 within the right pleural cavitv There was no evidence of air under the diaphragm 
or of subcutaneous or mediastinal emphysema A large rubber catheter was introduced 
1 rough the chest wall and into the pleural cavity and suction applied. All food bv mouth 
"as stopped and a Levine tube put into the btomnch through the esophagus and the 
hatieut was put on massive doses of antibiotics, oxvgen, and enough morphine to relieve 
pain Lnder this conservative management, he did reasonablv well through March 5 
• ou -^larch b, the patient’s condition was apparentlv deteriorating Roentgeno 

j™P lc ei amiuatiou at this time revealed further fluid in the pleural cavitv and the right 
n S onh partli re expanded. The drainage from the tube within the pleural cavitv an 
blared purulent 

6) 1949, the patient was taken to surgery and a right thorncotomv earned 
rm^ ,lme a 'Lansing of the lung and pleural cavity was accomplished and a small 

, e * 0 '' er en<1 °t the esophagus, approximatelv one and one half inches above the 
j ra ® m 0Q llle posterior wall of the esophagus was found The esophageal wall at this 
Ihara'b 13 eIlremcl 3 friable The hole was closed with some difficult' aud a flap of 
r1,1 vl lea° USht ° VlJr t,U5 l ' 0 ' L ^ an aJ ^ Ul0na ' support The thoraiotomv mcisiou was 
t i lt thy 1 '' 1 ^ t ' V ° ^ rulns ln place, one antenorlv and one postenorlv It was felt 

r,j e and* ? '°* , ^ a; ’ U3 " aS m suc ' 1 1,11,1 cont ' ltlon that the perforation might possiblv fail to 
a\\ ai J / ur tllat run-on a small incision was made in the anterior abdominal wall and 
km-tro'-toniv was carried out 
Th 

t>> 111,1 reasonablv well following this procedure The lung re expanded and 

n 1 t ' ,irate > 1 the gnstrostomv well and guiued weight The red blood count re 
-t ]j, 0nDa1 ' rllL " lutL blood count fell and the total protein ro-e to 5 5 Gm pew 
'■"e'er, on the seventh postoperative dav there was an increased drainage 
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through the posterior drainage tube which had been left in place Roentgenographs 
examination at that time revealed that there was a posterior pocket leading from the esopha 
gus out through the pleura and the posterior drainage tube 

The patient continued to do well. However, on March 18, the gastrostomy tube was 
■ inadvertently removed and it was impossible to reinsert it. Further need for it was 
apparent so the patient was taken to surgery and the Witzel gastrostomy re-established 
and the abdomen closed in the usual manner He continued to do well and gamed 
weight He was discharged on March 26, 1949, with a gastrostomy tube in place and a 
small esophago pleural cutaneous fistula posteriorly The patient was then transferred to 
a veterans hospital, where he continued to do well 

At the present time he still has his esophageal fistula and is not able to carry on hu 
regular vocation However, he is up and around and in reasonably good health 


COMMENT AND DISCUSSION 

The four described cases have the typical history and physical findings 
associated with a spontaneous rupture of the esophagus They are not 
spontaneous, liowevei, because of the fact that the rupture is associated with 
disease of, or a change in, the esophageal wall In two instances the disease 
of the esophagus was symptomatic In the otliei two cases, theie was histor} 
of peptic ulcer winch is often associated with esophagitis In thiee instances 
there is definite history of an inadequate diet and alcoholism In all four cases 
theie was a disturbance of protein metabolism with a low total piotein an 
a reversal of the albumin-globulin ratio All of the above faetois contribute 
to a weakness of the esophageal wall 

Only one case was associated with vomiting but the other three were pie 
ceded by a lai ge meal or an alcoholic bout These conditions possiblj con 
tnbuted to increased intraluminal pressure in the esophagus Two factors arc 
l esponsible foi the ruptui e in all cases first, increase m intraluminal pressure, 
second, further weakening of the esophageal wall 

In none of these cases was definitive surgery undertaken at the proper 
time The delay m canying out a thoracotomy and lepair undoubtedly con 
tnbuted to the postoperative complications and prolonged convalescence in t les 
cases Fortunately they all sui vn ed in spite of delayed treatment In o 
instance it is quite likely that the patient would have survived undei consena 
surgical management but would have been left with an empyema an 
esophageal fistula Thoracotomy and repair m this case lestored the lung o i 
normal physiology and made possible lepair of the fistula 

These cases bear out the point that if the patient survives foi foitj c 6 
hours, one may be more conserv atn e in his methods of treatment an 
patient has a reasonable chance of survival If the patient is seen in 1 ie ^ ^ 
few hours one cannot be at all certain that he wall survne without su 0 ^ 
lepair They also bear out that thoracotomj and elosuie of the defect will » 
about a more nearly complete and more piompt lecoi erv 

A study of these cases coi related with the cases ie viewed in the literature 
leaves no doubt that thoracotomy with repair is, in every ease, the most sa is 
factory method of treatment 
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ETIOLOGY 

Rupture ot the esophagus following msti luuentation or as a lesult of a 
loreign bodv is usually diagnosed wntliout delay - s 33 30 The etiology is obvious 
and the problems are the same as m luptuie of the esophagus from a less 
obnous cause 

Rupture secondary to neoplasm oi long-standing disease offers a different 
problem The lemaiks in the papei will be laigelr confined to “so-called” 
spontaneous ruptuie of the esophagus 

‘Spontaneous luptuie” means ruptuie of the esophagus that is presumably 
normal before the peifoiation occurs and not caused by an external force It 
is not associated with disease m or aiound the esophagus, with a foreign bodv 
in the esophagus or with manipulation of the esophagus 

The etiology is undecided and many ideas concerning it ha\ e been put 
iorth 1 13 ».» 24 30 3o « 4 - McKenzie, wo iking on human cadaveis m 1848, 
noted that it requned 5% to 11 pounds piessiue pei squaie inch to rupture the 
L-sopiagus of an adult, the aieiage being appioximately seven pounds pei 
square inch Othei un estigatoi's have similai lesults 34 It was also pomted 
out that the ruptuie neaili alwavs occurs in the teinunal thiee oi four inches of 
e esophagus which expeimientallv lepiesents the weakest portion of the 
P lagus •* It is the iapidit\ ot the rise m lntialununal piessure rather 
an the total degiee of pressuie that is the most important factoi in the 
cause of perforation 34 

a ,q, n IS mterestm S to note that these obseiceis found that the esophagus of 

raatcl f d rCS1St m01G piessme than that of an adult ^ leqimes approxi- 
t , roK V ° Ur tlmes as mueh Piessuie to ruptuie the esophagus in a child below- 
e ycars as d does to lupture an adult esophagus 

are sn/T 311 anatomical standpoint, ceitain othei obsei rations by Mosher 30 
tcrmmX ? nt TheSe pomts aie (!) Esophageal muscles at the lower end 
inherent , ^ COmcal fashion, the tapeied end being extremely thin, (2) an 

the muscukL UCSS t e V St f 3t Ul ° blt ° ° f entiance of the vessels and nenes into 
at the lower onl 3 le . °" e ^ end of the esophagus, (3) the esophageal muscles 
omental * 10 lelatueh " eaker than the muscles of the stomach, and (4) 

cxiplu'ULs m sn° S ai f e i foUnd in the cuculai muscle laxei at the lower end of the 
j, 10 ' some °f the cadai ei-s dissected 

"‘amnulw,!!!!? y PCUmentalh that electl ic stimulus of the tuber cinereum 
Us nuuosj Tin 3 nperpcilstdlsis 111 the stomach together with In perenua of 

-•XMonal run uieTt\i ^ f aeeounUns to1 the se ' ere vomiting and 

■lis-a.se> 3 > « f esophagus that is found m patients with intracianial 

the* impl! a e!(W le '' L > d MV eutum stanccs m which luptuie mas occur All of 
V ruaa oi ,nanc 3 T CSOphasCal wall or the application ot a torce 

hue a lnT CS 1U t lC ltCldtUre bnngs out th e tacts that not a few of 
lre m . ^ su "" e sti\ c of peptic ulcer, main are chronic alcoholics 

M ^ "uph <1, m-ws mVl , ,1Utri ! 10n fr ° m ' ni0U ' > tauscs The se conditions 
' CS ,U the es °P in "eal wall The fact that, with one exception 
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the i uptiue occurred m that part of the esophagus that expeimientallv or 
anatomically prov ed to be the weakest would lead one to believe that force 
plays an important part One should not lose sight of the fact that disease is 
also moi e common in this lowei portion 

Since circumstances imply that both foice and previous changes m the 
wall of the esophagus ha\e a major role m the cause of this condition, as sug 
gested by Samson, 41 the word “spontaneous” is a misnomei Since the tern 
“ruptuie” means perfoiation by force it is ill used with the woid “spontaneous” 

The teim “postemetic” may accurately be used to descube many of these 
eases Howevei, three out of our four cases did not vomit, and several cases in 
the literature failed to vomit Vomiting only after the severe pain following 
the perforation is leported several times This suggests that the vomiting maj 
be the result of the ruptuie in some cases, and not the cause Vomiting causes 
luptme of the esophagus by a sudden increase m the intraluminal pressure 
It has been suggested that tins increase m pressure usually occurs when the 
stomach is full and therefoie the piessuie cannot be released mto the larger 
lumen of the stomach 

In the cases reported in this paper it was noticed in each case the total 
proteins weie low and theie was a leveisal of the albumm-globuhn ratio The 
significance of this is not known 

It is suggested, in summary, that rupture of the esophagus is caused by a 
sudden increase in lntialuminal pressure Nearly all of the reported cases 
show positn e 01 suggestive evidence of pre existing disease in the esophagus 
Such disease niav have been asymptomatic before the pel foration occurred Toor 
nutntion 01 disturbance in protein metabolism may weaken the esophageal wall 

pathology 

Ruptuie of the esophagus is most frequently seen on the posterolateral 
wall of the left side in the lower eight centimeters of the organ (10 per cent on 
the right side 24 ) The teai is usuaih vertical and may be from 2 mm to 8 cm 
long If the tear involves the stomach wall, severe bleeding mav occur Perfora 
tion of the middle third of the esophagus has been described onlj once (hi 
Fitz) in a papei bv Pnuten and Gay 40 Complete disruption of the esophagus 
was described m the original case bv Boerhaave 15 and again by Higgmsou an 
Clagett 22 

In tiue spontaneous mptuie of the esophagus no disease process, either 
gloss or microscopic, is demonstrable at the site of the tear Changes that are 
seen aie often thought to be the result instead of the cause of the i uptime 
seems more often than not that they are the cause of the perforation ^ 

Tears of the esophagus have occurred in patients with pohonn ebtis,^ 
meningitis, 20 paresis, 10 intracranial hemorrhage, 40 history of weight lifting, 
roentgen examination of the gastrointestinal tiact, 23 defecation, 40 administration 
of anesthesia, 40 pregnancy, 45 and brain tumor 13 

history of the disease 

This condition is usually seen in men (86 per cent) 15 between the ages of 
thirtv-fhe and fifty-five jears The youngest reported case w r as two jears, 
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and the oldest was seventy-five j ears old 10 23 These patients may be well 
nourished and may have enjoyed relatively good health previously A majority 
ut the eases, it closeh questioned, will reveal suggestive or positive evidence ot 
gastrointestinal upsets and a history suggestive ot peptic ulcer Often these 
e&*3 are chrome alcoholics and tor that reason or some other leason have not 
eaten a well-balanced diet 

The onset ot the disease is marked bv a sudden, severe pam This may be 
preceded bi \omitmg, it may be iollowed bv vomiting, or, m some instances, is 
not associated with lonuting The pain mav be substemal, epigastric, or ab¬ 
dominal and, characteristically, is so severe that large doses of narcotics are 
required to reliei e it 

Within a few minutes to a lew hours, the epigastric or abdominal pam 
mil become substemal It occasionally will radiate around into the back and 
between the scapulae Pleural pam mav occur on either side The attack is 
oiten preceded bi a large meal or bi an aleohobe bout The patient mav pomt 
°ut ngiditv ol the abdomen, partieularlv the upper abdomen There is often 
defimteh a discrepance between the abdominal ngiditv and the abdominal pam 

These patients mai be m shock, and complain ol diffieultv m breathing 
e degree of eianosis and dispnea depends on the seventy ol the pam and 
the presence or absence of fluid in the chest, ol tension pneumothorax, and ol 
mediastinal and subcutaneous emplivsema The state ol shock depends upon 
1 e degree of pain, the presence ol hvpoxia and the amount of blood loss Ex¬ 
treme thirst is a common symptom. 


PHYSICAL EXAMINATION OF THE PATIENT 

e ^ P atient 13 seen he appears severely ill and is otten hung 

shock* S '^ e ^ knees drawn up He is dispneic and mai be cianotic 
"oT Mn' * JC Pr<?SOnt ^* ie P u ^ e 13 °ften not greath ele\ated, usualh between 
n( ® "^'e tempeiatiue ol the first lew hours runs between 99 and 100 de¬ 
blood 1 ^ re;>piraton late rs alwais rapid, being between 30 and 40, and the 
Pressure is usualh noimal, but mai be quite low 

ot f'te skin and subcutaneous tissue orten leieals endence of 
th< emphisenia This mai be generalized but is otten first noted in 

Trim! SUP , nK ' a ' 1CU * al ' aiea ’ tbe supradailcular area or at the supra- 

•‘titirior cIk t ^ ^ ° UCn U ° tC< ^ °' tr taC ° and necb an(l onl ' rareIv oier the 

. auMo), 3111103110 ' 1 01 ,llc tlKlst md% 1)e outireh lugatue Iloweiei, it pleural 
,J "r tl k " Pr ^ UU tIu Upiei1 findings ot lack ot breath sounds and dullness 
kit, | )lu ana ° l the efruslou tan oasih be noted Tins usualh occurs on the 

f’n.ii, r , Z rZ,T thC nght SKk ° r bl,atera11 ' In 71 ta3 *> renewed be 
" J hr cun l ' a ' , per LCnt Iiai * 3 h'drothorix 01 hidropneumothorax, and 
Th, Slu " cd '’"heutaneous or mediastinal emphisenia or both (Table I) 

L ‘ oi. n o, dI ri d ' S ; h °"\ r, - ul,n ’ P art,t -ularh m the upper abdomen, and 

ten thought to be in the abdominal eanti This has led to the 
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misdiagnosis of a ruptured intra-abdominal yiscus with a lesultmg lapaiotomy 
Peristalsis is always reduced The examination of the abdomen otherwise is 
negative 

The remamdei of the examination is usually 7 of no paiticular significance 
One may note changes m the leaction of the pupils if the patient has had 
naieoties foi the relief of pam The leflexes aie hyperactive throughout 

LABORATORY EXAMINATION 

Examination of the blood will nearly always show an elevation ot the red 
cell count due to dehydiation Occasionally anemia is noted because ot hemor 
rhage secondaiy to the rupture Ordinarily such a change m the blood count 
has not had time to occur even though bleeding may be severe The white blood 
count shows a slight relative mciease in polymoi phonuclear leukocytes with 
leukocytosis 

A loentgenogiaplnc examination of the chest taken m the lateral decubitus 
and/oi upright position will reveal no an under the diaphiagm This is an 
extremely important finding because no ease of rupture of the esophagus lias 
shown air beneath the diaphragm. J0 The chest loentgenogram will often show 
fluid and free air within the pleuial eavity Subcutaneous emphysema may be 
a prominent finding in the chest roentgenogiam A fluid level 01 emphysema 
within the mediastinum is pathognomonic (Table I) 

Table I Findings in Eighty Seven Oases or Buptube op the Esophagus 


Hydrothorax 85% 

Emphysema 62% 

Hydrothorax (Left only) 60% 

Hydrothorax (Bt only) 33% 

Hydrothorax (Bilateral) 7% 

Air Beneath Diaphragm 0% 


DIAGNOSIS 

The diagnosis of this condition can often be made with ease fiom the 
history and physical examination A diagnostic tuad has been emphasized by 
Banett and others 3 J 9 12 15 This triad is (1) Rapid lespiration, (2) ab 
domrnal rigidity, and (3) subcutaneous emphysema KwseUa 24 states that the 
diagnosis can sometimes be made over the telephone 

If the diagnosis is in doubt, other diagnostic pioceedings mav be came 
out These consist of aspiration of the fluid within the chest cavity This 
fluid may be tuibid oi blood stained It should be tested foi food particles an 
hydrochlouc acid If either is present, the diagnosis is fuither substantiate 
Often the odoi ot the fluid is nnpoitant A swallow of baiium or hpiodo 
followed by fluoroscopic aud roentgenogiaphic examinations will often 
outlme the peifoiation oi show 7 a penesophageal pocket with direct communica 
tion into the pleuial cavity 

If one is still m doubt, dye can be taken by mouth and lecovered in t ie 
intrathoracie fluid, thus establishing the presence of a fistula between t ie 
esophagus and pleural cavity 


axderson rupture of esophagus 


379 


differential diagnosis 


Ruptmed esophagus is most fi equently confused with, raptured peptic 
ulcer, acute pancreatitis, or eoionary thiombosis In addition to these, this 
condition may simulate mesentery thiombosis, dissecting aortic aneurysm, 
pulmonary embohsm, spontaneous pncumothoi aw, lupture of a bronchus, 
volvulus, mtestmal obstiuction, strangulated bowel, luptuie of a gall bladdei, 
and diaphiaginatic hernia associated with ruptine ot the stomach 01 bowel 
It the patient relates the usual histoiy, exhibits the diagnostic tuad mentioned 
above, has fluid in the chest, and lacks fiee air under the diaphiagm, most of 
the other confusing conditions can be quickly liiled out Most diagnostic 
failures aie due to the fact that the examinei is unawaie of the symptoms of 
ruptuie ot the esophagus 01 simply fails to think of the possibility 

lleseutenc thiombosis, coionaiy thiombosis, peifoiatecl intia-abdominal 
'istus, intestinal obstiuction, stiangulated bowel, and volvulus, seldom, if 
ever, cause fluid in the chest and aie nevei the cause of subcutaneous 01 
mediastmal emphysema, and, theiefoie, should be easily 1 tiled out if one or 
both of these conditions aie piesent Some of these conditions aie frequently 
associated with fiee an beneath the diaphiagm, a finding always absent m 
esophageal luptuie 

Ruptuie of the gall bladdei may cause fluid in the chest and is laiely 
associated with an beneath the diaphiagm, hovvevei, it is fiequently associated 
'nth a pievious histoiy of gall bladder disease Theie is often an obvious 
t'all stone seen in the loeutgenogiam and it is nevei associated with sub¬ 
cutaneous emphysema Acute panel eatitis can usually be luled out by T 
deterniinmg the level of the blood amylase Acute panel eatitis never causes 
mediastinal 01 subcutaneous emphysema but may cause pleuial effusion It 
ls otteu associated with severe abdominal pam, ngidity and shock 

Pulmonary mfaiction 01 embolus never causes emphysema, but they aie 
°tten associated with a cough and hemoptysis which aie not seen in ruptuie 
01 ^ le es °phagus Abdominal pain and ligidity aie not piesent The pain 
and shock may be sev ere 

■Spontaneous pneumothoiax may piocluee any of these symptoms found 
rupture ot the esophagus but as a lule does not cause the seveie pam oi 
hmh tratl ° n assoclatec ^ "''til luptuie ot the esophagus There is usually a 
^ e S'ce of collapse ot the involved lung, and fluid laiely occurs at the 
"Let but makes its appeal.nice m twenty-foui to foitv eight horns Sub- 
ntineous emphysema is laielv seen in tins condition 

Rupture ot the bionchus may cause seveie subcutaneous and mediastinal 
soma with pam Theie mav be a collapse ot the lung with severe 
M’uot, shock, aud piostiation riuid foimation does not occur as an eailv 
Tiding but may form 1 itoi 


Mlh h l ^ ° l t0n< ^ tl0US mentioned aie commonly associated 

Thu'/ S ' lu l' t01 “s ot vomiting, i etching, oi other gTstromtcstnial symptoms 
rir, l' tause cpigastuc pam and then ue never associated with a board 
n ncaditv otthe abdomen 
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Rupture of a previously herniated stomach or bowel mto the mediastinum 
with an extension into the pleuial cavity may simulate luptuie of the esopha 
gus in eveiy respect Careful fluoroscopic and loentgenographic e\annna 
tions, during which the patient swallows some barium 01 hpiodol, mil otten 
demonstiate the her mated stomach and suggest the diagnosis Since the 
treatment of this condition is the same as the treatment foi luptured esopha 
gus, the differentiation of these two conditions is only of didactic importance 
In eithei ease, one is forced to do an immediate opeiation with closure of the 
i upture 


PROGNOSIS 


The prognosis of rupture of the esophagus is always extremely glare In 
a review of fifty-three cases by Kinsella,- 4 thirteen died in less than twehc 
hours, tv enty-four in less than twenty-four hours, eight in less than foiti eight 
hours, and only eight survived over fort}-eight hours Eaily deaths aie due 
to shock, tension pneumothorax or, possibly, hemorrhage Latei deaths are due 
to pleural or mediastinal infection In 1946, Eliason and Welty 13 leported a 
mortality of 100 pei cent in these eases with the exception of the two cases re¬ 
ported by Graham 21 Thirty of the 108 eases considered m this leport recovered 
All recoveries followed surgery 

While the prognosis may be influenced by the sue and position of the 
peifoiation, death is likely to occui unless the diagnosis is made and adequate 
treatment is earned out at the earliest possible time 

In these days of plentiful antibiotics, of the judicious use of blood and 
fluids, and of prompt surgical intervention, the patient can be offeied a far 
better prognosis 


TREATilENT 


Treatment of rupture of the esophagus may be divided into conservator e 
management 12 16 32 4S and radical management, 3 1 10 15 24 2 41 oi bettei, bv 
surgical diainage as compared to thoiaeotomy and lepair Samson, 41 in his 
recent article, compares fifteen cases treated by the two methods Of the 
fifteen cases treated by thoracotomy, ten suivived with lessei morbidity Old' 
eight of the fifteen treated by drainage suivived and these with a higher 
morbidity The lattei group had moie postoperative complications and much 
longer hospital stay Of the tvehe cases leported m 1951, nine underwent 
thoracotomy and eight survived Three who weie not opeiated upon, diet 
The four cases leported in this paper all underwent thoiaeotomy and suru'ci 

This condition is one of the definite surgical emergencies If the diagnosis 
is not obvious, steps should be taken to establish it immediately Only those 
procedures that aie absolutely impelative to make a diagnosis should be done 
The patient should be operated upon as soon as the diagnosis is establisher 
A thoiaeotomy and repan of the luptuie should be coined out Nothing i' 
to be gained by procrastination 

The presence of shock should not delay surgeiy The shock is treated 
and the thoracotomy undertaken With propei anesthesia and control e< 
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respiration the chest is opened The pleural cawtj should be aspirated and 
the lung re expanded The rent in the esophagus is to be tound and closed 
with two layers of nonabsoibable suture A feeding tube should be passed 
down the esophagus beyond the perfoiation and into the stomach This may 
also be used tor decompression- The chest should then he closed leaving m 
drainage tubes at appropriate places to insure complete expansion of the lung, 
adequate drainage ol the pleuial space, and direct drainage from the site ot 
repair m case or a bi eakdoivn 

The shock 111 these cases is due to pain hypoxia, and blood loss The 
hvpoxia is due to tension pneumothorax plemal fluid, and pool lespiration as 
a result ot paun Under adequate anesthesia the patient receives high oxvgen 
intake, with the pain stimulus gone, lespnation improves As the chest is 
entered the tension pneumothorax is lelieved, the pleural fluid is remoied, 
and the lung is expanded Betore and during suigery, the blood loss is re¬ 
placed. As the causes ot shock aie relieved the patient impioves and is seen 
to tolerate the pi ocedure u ell 

Postoperatne complications are empiema, mediastuutis, and breakdown 
oi the repair The mediastinum is lett open with opportunity for adequate 
drainage into the pleural eantv and, thus to the outside Thorough cleansing 
oi the area around the perforation and oi the pleural cavity and use of anti¬ 
biotics m the pleural cant} as well as systemieallv are imperative Prompt 
and complete expansion ot the lung is important in prei enting eiupi ema The 
fepair may break down troni the sixth to the tenth postoperative dav It 
this occurs, drainage ot the open perforation is necessary The fistula thus 
tormed will otten close in sei ei al w eeks 


lollowmg suigen the esophagus is kept at rest xoi a week or more and 
•he patient is ted through a Levine tube or parenteralh Gastrostomi is 
wldom indicated Because ot changes m the tissues at the site ot perforation, 
(Aung is oiten retaided and thus lequires a longer period beiore leedmg bi 
mouth is safe 


It other complications make thoiacotonn intolerable tor the patient and 
"lore conseriatne method ot management indicated it mav be undertaken 
( ,'! c!v s hould be combated with blood and fluids Drauiage should be es- 
^’micd to rebel e tension pueumothoiax and to withdraw pleural fluid 
-iti\e pressure should he maintained to assure complete and rapid e\- 
' £ * un ® Narcotics, sedatnes and mtei costal block are used for 
^ u or pain Antibiotics are used in high dosage A Levine tube or gas- 
111 *' he cmploied tor teedmg and decompression purposes The 
r ' ls l ,l d at complete rest It mediastmil eniphisema is causing 
piralon distress this can be relieved b\ making an incision under local 
, u J[ U la JUst 'ho\e the supristeriiil notch through the interior iaseia and 
,c r " *he liuk Through this incision a c itheter can he introduced into 
1111 nstmum tor decompression 11 

if( I'dicnt surme lor lorti eight hours or more without surgeri, 

"’"■’triatnc. methods ot treitment mai be satist ictori In anv eient 
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more conservative methods aie often associated with lesidual fistulae and 
empyema These require thoracotomy and conection latei 


SUMMARY 

1 The etiology, pathology, symptomatology, diagnosis, and treatment of 
ruptuie of the esophagus are discussed 

2 It is suggested that the term “spontaneous" is a misnomei in most cases. 

3 The findings aie typical in most eases and the diagnosis not too difficult 
A diagnostic ti lad is emphasized 

4 Most diagnostic failures aie due to lack of knowledge or failtue to think 
of the possibdity of ruptui e of the esophagus 

5 It is felt that the treatment of choice is immediate thoracotomy with 
closuie of the perforation and le-establishment of the normal anatomi and 
physiology 

6 With early diagnosis and tieatment the piognosis is good 

7 Foui cases are repoi ted All were tieated successfully 
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DISCUSSION 

ran-. ABBOTT, Atlanta, Ga.—I certainlc feel that Dr Anderson is to bo 

Lratulated. I also feci verv strongly that we owe a tremendous debt of gratitude to 
1 t I eCIt(ar ' * or organizing our thinking in regard to this diseaso I hesitate to rise, 
ln 5,01110 " ra ' : > »t is m\ dut\ when I can add to the senes 31 patients with 
ru l' tur '- of the esophagus I would like to show slides that exemplify some 
c 1 ons we have Lamed in this re„arcL 

tl a ^ ^ think it is important to stress what appears to bo practical classifies 

lie I lat "-nts, and there are some things in the s\mptomatologv that are important 
» ar< ' not ln l '"- ^ower income brackets The ones in the upper income 

1 -it- I ^ ° ftLnUm '- 3 patients and have a restricted diet YYe had the oppor 

^ 5 ou ^ sa ' not too much desired, to take care of the brother in law of a famous 

, ^ an «l cure him of this disease Tho first thing I would like to emphasize 

- e° thc svm ptomatolog\, 13 that 'ou must listen to the patient, becauso in 

i t Ivat^ 4 ° 1)15100 ot Pntn-nts who died or had delayed treatment, the\ so orten give 
1 r 1 ialt e 10 " that somLthlu f: ruptured and moved into the chest, or something rup- 
L caLSt an< t moved. Thi3 is a very important differential diagnostic srmptom. 
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(Slide) This is from the paper by Drs Fincher and Swanson on the neurogenic 
causes of this disease, which appeared in the Annals of Surgery Of course when \ou 
study anything neurosurgical, jou look back in the textbooks, and usually find that Dr 
Cushing described it in detail thirtj years ago The important thing is that these patients, 
after mid or posterior fossa surgerj, and poisibl} a majority of patients who die following 
neurosurgery, maj have this as a complication 

The management of such patients I think requires three things First, consciousness 
of the disease, second, an} patient following a neurosurgical operation, who has blood 
in the initial vomitus postsurgerj, has this disease, and next, the patient must have 
ventricular drainage to control the pressure on the tuber cinereum area, and, finally, if 
they are operated upon transpleurally, there is diffuse disease of the esophagus, and Dr 
Torek's T tube in the esophagus is the answer to this type of patient I think we should 
compliment him on that 

(Slide ) This is a typical example of rupture in a neurogenic case and one of the 
factors of course is weakness of the lower esophageal musculature and the attachment at 
the diaphragm and periesophageal fibrosis I think that is important in the mechanism. 

(Slide ) One of the things I would like to add to conservative management In 
patients who are seen more than 15 hours after onset of the disease, it is valuable to put 
in multiple thoracotomy tubes and irrigate with saline until the pH of the pleural Huid 
is within normal limits This will relieve the secondarj shock if the mediastinal pleura 
is not under tension 

DR WILLIAM W HEROY, Huntington, N Y —I feel that Dr Anderson has gnen 
us a very clear picture of this interesting problem I wonder whether these ruptures are 
really spontaneous, or, for the most part, are the result of underlying disease It is a 
bit unclear in mj mind whj we do not have, in the cases reported, some underlying ulcers 
Man} of the patients we see with this condition will give histories of chronic pain un er 
the sternum I would like to show two cases to exemplify this point 

(Slide ) The first case was a 33 jear old chronic alcoholic hotel maid, who was in the 
habit of drinking large quantities of beer For lunch she claimed to have had se\er 
beers, and returned to work where she de\ eloped severe substernal paim In order to 
lieve this pain she took a dose of soda bicarbonate and added a little vinegar to ma 
more potent Following this dose she was seized with o\erw helming pain in tie ^ 
sternal area and was rushed to another hospital, where she was kept for a couple o ^ 
until she vomited about 200 c c of blood, and was transferred to us ^ hen she n . 
she showed the classic picture of just what she had, in its most severe form ^wt 
and subcutaneous emphysema 

(Slide ) Because of her ver} poor condition at the time yve flnall} got her, it 
elected to wait, and she was given supportive care and yer} heavy antibactena er ®P^ 
She then went into a toxic ps}chosis and operatiye procedure was further de aye 
she developed evidence of empyema in the left chest which was explored an ra 
week after admission. She did fairly well until a week later, when she e P 
cutaneous fistula, and the feedings given b} Levine tube dumped out A gnstros ^ a 
done to control this, but the gastrostomy feedings came out through the fistula 
period of the next two weeks the fistula gradually closed, and she made an uney 
recover} After that, and a }ear later she had a perfectly normal child. At the time 
gastrostomy the liver biopsy showed fatty disease of the liver 

(Slide ) This simply shows the fistulous tract running out to the chest unll 

(Slide ) This shows the final film 

(Slide ) The second case is a 68 year old man who, while yvntclung television one mg 
was seized with severe epigastric pam. There was a history of two weeks of substernu 
and it was thought that he had a perforated ulcer He refused hospitalization at 
finall} came in and was explored The entire abdomen was negative The esopbagen 
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explored. with the finger, but the peritoneum was not opened. If j ou do not open the 
pentoneal surface and have a collection in that area, it may be missed as it was in this 
case 

(Slide ) This last slide shows the collection, which i\as actually well localized between 
the diaphragm and the pleura, and I think- gives the whole picture aivaj This is emphysema 
Ufore it has gotten into the mediastinum, before it has entered the pleural space I would 
go along with Dr Anderson 100 per cent that one should look for esophageal perforation and 
operate earlv and repair the defect 

I aoold like to ask lnm if he does not feel that a great many esophageal perforations 
have pre existing and unrecognized underlying ulcers 


DR RICKARD H OVERHOLT, Brookline, Hass—1 think we will all agree that it is 
important to cany out a direct surgical attack on the situation pointed out by Dr Anderson 
and do it as early as possible if surgery is required However, sometimes the surgeon has 
to make the best terms he can with a difficult situation and cannot control the tuning of 
treatment I would like to report a rather unusual case in which the etiology was related 
to acute alcoholism There was a long interval between esophageal rupture and mediastinal 
drainage Dunng this interval, the same liquid that precipitated the rupture was the only 
nuurchment taken and probably favorably influenced the outcome This patient was on a 
hunting tnp and, because there were no deer the first da\, he began drinking Late in 
the evening there was some scuffling and wrestling and finally he ended up at the bottom 
°f a pile of hunters Soon his fnends noted marked swelling of his neck and face 
'’wallowing was painfuL On the following da\, while the rest of the men went out 
hunting, he staved in bed, sipping Scotch whishv He was there eight davs and on the 
return tnp, the patient was so cnticallv ill that his fnends took him to a hospital where 
he remained for four davs 

(Slide) This roentgenogram shows a large air collection and fluid levels on both 
ides There was diffuse density in both lung fields, indicating bronchopneumonia 

(Slide ) A barium swallow was given which revealed an esophageal communication 
"ilh both pleural cavities and a massive bilateral emphvscmu Closed drainage was pro 
tided after bilateral rib resection and aspiration of purulent matennl and food contents 
d’uc to the marked inflammatory reaction everywhere, no attempt was made to repair the 
esophageal defect There was a rent about 7 centimeters in length The patient carried and 
"as foil through a Levine tube for 67 davs 


(kink ) Thero is satisfactorv rc expansion of the lung and there 1ms been n check 
function five vears later There is no stricture of anv kind This illustrates 
'ou must not give up on some of these very serious cases, and we have to make the best 
Lrae, can with them, regardless of the tune factor 


bit. JAMES M MASOX, m, Birmingham— I have been much impressed with the 
Duress lhat htrs been made in the care of perforations of the esophagus since it has been 
J ''rated that thev can he successfully treated hv primary one stage operation 
v * las c ' enlonstra tcd that excellent results have followed one stage closure of 

of ' a k ,;a * diverticula, and his work has no doubt influenced the one stage primary closure 
uphugeal inrforntions Many of us have had excellent results with primary closure, 
vas late attempts at closure have been disappointing 


LirM HLRBI,RT MU1 METER, Acw Aorh —I think it is most timelv to have 
paper b\ Drs Vrulcr>on ami Curtis I would like to report two ca^es 
, rCi nut 111 ' °"n cases as thev dale hack a great rnunv vears In Kt-10 I had the 
li. ,i Utl tJ ' 00 k U P literature ou perforations of the gastrointestinal tract In 1724 
K rL I’°rtcd a unique case in which the rent m tin i“-ophagus was transverse The 
1 'Rontancous pcrtorations ot the esophagus arc linear It is important 

1 i " l keep in mind that spontaneous perforations muv ako he transver-e in 

v "• Tins , mpliasi’i s Dr Vndi rson s advice that earlv operation is certainly nu 
> "st and , n ,l„-jtnl 
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It is of histone interest also to quote a case by MacKenzie published in his booh 
Manual of Diseases of the Nose and Throat (London, 1884) “The patient, Baron de 
Wassenaer, u as 50 years of age and, with the exception that he had a sense of fullness 
after moderate meals, was m perfect health To relieve this disagreeable feeling he was 
in the habit of taking a copious draught of an infusion of ‘blessed thistle’ and ipecacuanha 
One day, about 1 30 in the evening, when he had taken no supper but had had rather a 
hearty din n er, he was bothered by a peculiar sensation in his stomach, and to relieve this 
he swallowed three tumblersful of his usual infusion But to no avail He then tried 
to excite vomiting by tickling the fauces In retching he suddenly felt a violent pain. He 
diagnosed his own case by saying that there was ‘the bursting of something near the pit 
of the stomach ’ He became prostrate and died in IS hours At necropsv it was seen that 
without any previously existing signs of disease the esophagus had been completely rent 
across m a transverse direction.” 

There is no question that immediate surgery is indicated in practically e\ery case 
of suspected or proved spontaneous perforation of the esophagus 


DB OWEN H. WANGENSTEEN, Minneapolis, Minn—I rise to a point of defi 
mtion The word “spontaneous” still hovers over our concept of this disease However, 
I think the evidence is good now that we should capitulate to the title “acid peptic 
perforation" of the esophagus Whereas there are occasional conditions such as Dr Hero) 
enumerated, and there are h) drostatic phenomena involved, I submit that they are quite 
secondary The cecum and the stomach are the two large viscera with large diameters The 
stress or tension on any surfaces to which intraluminal pressure is applied is the product of 
the pressure times the diameter times pi (T [tension] = Pr [pressure] x D x pi) 

Whereas the fundic end of the stomach or the cecum can be ruptured at pressures of 
80 mm. of Hg, it takes more than an atmosphere of pressure to rupture the esophagus 
(approximately 800 mm Hg) 

If one ligates the pylorus m the dog, maintaining fluid and electrolyte balance 
parenterally, within four days, perforation of the esophagus was observed in 4 of 8 dogs 
subjected to tins experiment, esophagitis was observed in all the eight dogs, the stomach, as 
y ou observed from the slides, was quite normal m all 

Moreover, when acid peptic juice collected from an isolated dog’s pouch was dripped 
into the esophagus at a maintained ultralummal pressure of 20 cm of fluid, a severe 
esophagitis with perforation always followed In fact, the cat’s esophagus can be perforated 
within 20 minutes by dripping acid peptic juice into it under these conditions (Ferguson 
and associates, Surgery 28 1022, 1950 ) 

Furthermore, the esophagus also is sensitive to the other digestive enzymes of the 
upper alimentary tract, even the reflux of bile and pancreatic juice into the esophagus 
will cause erosion of the esophagus, even after total gastrectomy In the dog, anemia is 
observed following this occurrence from the erosive esophagitis (Cross and associates, 
Proc Soc Exper Biol &, Med 77 8G2, 1951 ) 


Finally, I want to show one of Dr Harvey Cushing’s pictures illustrating an erosive 
action of tho digestive juices upon the esophagus It is to be remembered that Cushing 
emphasized the relationship of the interbrain to peptic ulcer in the Balfour Lecture, in fact, 
that was the title of the lecture (Surg, Gvnec &, Obst 56 1, 1932) 

I submit it is the reflux of acid peptic juice into the esophagus which was the likth 
cause of the perforations observed bv Dr Cushing 

I think it is time that we delete the word “spontaneous” and call this disease by 'ts 
rightful name-—acid peptic perforation of the esophagus 


DB DAYTH H. WATEEMAN, Knoxville, Tenm—I nse merely to report six coses 
of perforation that we have treated. In two of these the diagnosis was confirmed ) 
aspiration of beer from the chest. Insofar as we know, television was not etiologies m 
anv of our cases 
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I certawlv subscribe to the use of immediate exploration I might say that at the 
tot) our cases occurred, however, we were a little more timid about opening the thorax 
than we are todav In all except the first patient, who died promptly after admission with 
bilateral pneumothorax and a typical picture of shock, the patients were treated by 
c'o-ed thorncotomv, massive antibiotic therapv, and bv later gastrostomy All five re 
coil red. 


DR J D FRYFOGLE, Detroit.—I wish to report a case of unusual spontaneous 
diologv, and this ease was definitely not an alcoholic I was called to see a newborn 
lab', a lemale infant of normal pregnsncv and normal delivery, who breathed and cried 
‘pontaneouslv at birth However, in a verv tew minutes she became quite djspneic and 
oanotic and efforts at tracheal aspiration and aspiration of the hvpopharvnx were not 
uccesAul in relieving the condition Phv steal and roentgenologic examination con 
turned the diagnosis of tension pneumothorax, which was relieved bv needle aspiration 
The bab\ was placed in oxvgen and in several hours the crisis again arose This time 
more definitive measures were earned out, and a 17 gauge needle, fashioned after the 
manner of the * S” needle, was placed into the chest under water seal suction This 
enied to control the respiratorv difficult! The bnb\ was gn en her first feeding, of 
plain water, about 12 hours later and another supreme ensis arose, with evervthmg 
getting black and no breath at all 


I was mailable at the time, and with a large sv nnge I aspirated the tube alreadv 
in the chest and withdrew mucus I had the hornble thought that I was merely deflating 
the stomach that was in the right chest. I was proved wrong on both diagnoses, however 
be gave the bab\ a swallow of lipiodol, which transversed a normal length of the normal 
Itiracn ot the esophagus right down to the diaphragm and then denoted markedly to the 
right and up into the right chest, so we proceeded with tlioracotomv and, opening the 
'mbi 3 chest, we found a total mucoid empvema which occurred at about 12 hours, and a 
rapture at the base of the esophagus, perforating through the right pleura I worked 
through the little hole, to find that there was a web directlv across the base of the 
c ophugus which did not e\en permit air to enter the stomach Had I been more astute 
frobalih would have recognized that there were no air bubbles in the stomach on the 
ant tilm The rent in the esophagus was enlarged, the small web cut out, a tube passed 


through the 


nO'e into the stomach, the perforation was closed, tlie lung decorticated and 


latn.nl did \en well 


Idt GIBRIEL P SFLEY, New Fork—I would like to report an experience with con 
vn.itn L management of a case of ruptured esophagus This patient was a 04 tear old obese 
^ "if>, who pn.cnted herself to a gastroenterologist for vague lower abdominal pam 

t I 3rt of the workup he attempted to pass an Ewald stomach tube As he attempted this 
T a tient violently resisted and retched However, he persisted m his efforts and shortlv 
tn ' ari ’' lL pat'ent complained of pain in the lower back This pain was ven severe and 
^ 1 mug nature Within the next few hours she experienced increasing pain, especiallv 
Ml t ' u i swallowing her own saliva Within six hours she was febrile and the 

, v ‘ a ' s hospitalized and treated bv oral sulfonamide's and fluids bv mouth The 

1 nitur^ gradu ill\ tom until it reached 104° F and her general condition was serious 

i v ^ nr *t aw her on the nfth dav Vt that time she was quite ill, and the roentgenogram 

g a ’'"fo-e mediastinal aud suIh utaneous imphv-tma and bilateral pleural effusion 
i IUl l * 1 ' s l rl| l clipped we elected to treat this patient conservativelv A bilateral 
1,1 lr rtuiJ "' a ' < obtanu d from the right side, and cloudv fluid from 
s., ( 1 utcdliu solution vv us instilleil Sine irx of the fluid from the left side showed 

P'S of luctiru Th< rc were no bnteria in the right pleural cavity Penicillin 

' { ' a an ‘ ! Jur *omvi in w.re given pircntcrallv and nothing wis allowed bv mouth' 
^ n mtru,nnusle Mu p-,,! ^ [urfcutlv umventful recovery and at the end of one 

j t a ’s< no n ram with live contrast imdium showed i ixrfectlv normal esopha us 

, , ^ ri1 ' nuntlon tins ,a~e bexausi it illustrated a different approach to the treatment 
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DR ANDERSON (Closing) —I certainly want to thank all the discussors 
With regard to the question about ulcer, m the cases considered in this paper it was 
difficult, because of the inadequate information concerning the cases, to reallj know about 
ulceration I can say that a few cases had proved ulcers of the gastrointestinal tract, that 
is, peptic ulcers In only one case was I able to find mentioned an esophageal ulcer that 
had perforated Suggestive evidence of peptic ulcer is common in these cases 

I think it is interesting to hear about the baby with perforation This perforation 
was associated with a definite congenital abnormality Perforations of the esophagus in 
children are rare for two obvious reasons (1) they do not have peptic esophagitis, have 
not had time to develop that, and (2) it takes four times as much pressure to rupture the 
esophagus of a child under 12 jears of age as it does the esophagus of an adult, which mav 
be a factor to substantiate its rare occurrence in children 

So far as treatment of late complications is concerned, I believe there is a time when 
conservative management is sometimes the management of choice, if the individual is seen 
several days after the onset and appears to be holding Ins own In the case Dr Overholt 
mentioned, it appears to me that the man probably could not be killed by anything, after 
all that I do not mean that as a reflection on Dr Overholt’s treatment Nevertheless, I 
think in some case3 one must treat them in a more conservative manner This phase of 
treatment will be discussed further in the published manuscript 


THE EFFECTS OF ATELECTASIS OX PULAIOXARY BLOOD 
FLOW IX THE DOG 


Richard H Peters, 1LD (by ixvitatiox), axd 
Albert Roos, 1LD (by ixvitatiox ) 

St Louis, Ho 

I T HAS been known lor some time that atelectasis ot one lung results in 
diminished blood flow to that lung In dogs anesthetized with barbital 
Moore 1 mtroduced two cannulae into the tiachea and lelt mam-stem bionehus 
hi means ol a lelt thoiaeotoniY Altei elosuie ol the chest and removal ol 
air irorn the pleuial spate one ol the tubes was obstructed while the dogs 
ipontaneoush lneathed owgen thiough the othei lumen Fnteen to seventv- 
fhe mmutes latei, the latios ol flow through the two lungs weie computed 
irom un\ed venous and arterial blood, assuming luU satuiation ol blood dram- 
in = the normal lung Flow thiough the atelectatic lung amounted to 0 to 42 
per cent 01 total flow Similar data weie obtamed bv Andrus 2 The present 
paper is concerned with a reun estigation ol this pioblem studying changes 
in Huu as a lunctioii ot duration ol atelectasis under both acute and chrome 
conditions In addition changes m pulmonarv vasculai lesistanee resulting 
Hum acute atelectasis were iniestigated 


METHODS 

1 -leufe Experiment ;,—A left thoraeotomv was done under Xemhutal or 
chloralose morphine anesthesia on dogs alter an mtratiachcal cannula had been 
j'td in place Artificial respiration was given be means ol a Stalling pump A 
ar ° e ,Ie Wd -x placed aiound the lett mam-stem bionehus The pericaidiuni was 
uGned to expose the pulmonaiv aiteiv The postenoi interior mediastmal 
1 U| ra was also incised to expose the right mlenoi pulmonarv -vein. The 
^stumt arterial piessuie was constanth rccoided with a meicuix manometei 
unn " a control period ot ten to twentv nunutes ot bilateral oxvgen breatli- 
m ~ ’* lL consumption was determmed hx the conventional spirometric 

'v iniijne Ininudiateh thcieattci, pulmonaiv aiteiv piessuie was recorded 


b. 


un aim ot 


piiltnoiun 
'Irawn 


a banhorn capacitance manometer ittached to a needle in the 
artcrv pulmonaiv arterial and svstenue arterial blood samples were 
j lor ai ml'sis ol oxv gen content The lelt mam bronchus was tlien occluded 
"J 1 " tlie ligatuic With the uitiogen washed out bv previous owgen breath- 
buiut s ' lril ’k ' ls dd' and was eomphtdv atthetme in three to five 
Periods v irving Horn ten minutes to two and one hall hours, 
—Ruinations oi the oxvgui consumption and ot tin pulmonaiv arterv pres- 

21 ! "t toil , of Thorn't Ph>Uolo G > Depurtri nt of Surt,er> in.i the Denart- 

T'- L ( ,i W uthlnKton l nlierMt} School or VI -Olein 

1 Jl* V l> . t,u m ,or ' a bj a ir int from tin I nlte 1 ‘-tit * I ubllc Health ‘-on ice 

'* U balrt Tel? uf Th - Vnnrkan Wociatlcn for Thor.cii 
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sure and oxygen content of pulmonary aitenal and femoral arterial blood were 
repeated In addition, the oxygen content of blood from the right inferior 
pulmonary vein was measured It was assumed that this was representative of 
all of the blood draining the light lung Oxygen analyses weie performed on the 
Van Slyke-Neil manonretnc apparatus—duplicate determinations checked with 
in 0 2 volume per cent 3 

From these data cardiac output and blood flow and vasculai resistance 
of each lung during the period of atelectasis weie calculated. The com 
putation is illustrated in Fig 1, in which the pulmonary circulation is 
diagrammatieally represented The total flow was determined by application 
of the Fiek principle (fust and last equations, Fig 1) It was assumed that 



ATELECTASIS 


Pig 1 —Diagram of pulmonary circulation showing pulmonary arteof and Its 
branches lungs two r**presentati\e pulmonary \eins and a systemic artery^ 
parentheses were obtained during - bilateral oxygen breathing those without parcn 
during atelectasis The unspecified figures refer to oxygen content (volumes per 
For calculations see text. 


mixed venous blood passed unchanged thiough the atelectatic lung In tl ie 
nine studies m which pulmonaiy venous blood from the atelectatic lung ’ was 
collected as well, tins assumption was confirmed The ratio of flows thiough 
the lungs duimg atelectasis can be calculated fiom the oxygen content ot 
mixed v euous blood, pulmonaiy v enous blood fiom the oxygen bieathmg lung, 
and mixed aitenal blood (second equation, Fig I) The pulmonaiv vascular 
resistance of each lung expiessed m aibitrary units v\as derived by dividing mean 
pulmonary artenal pressure m millimeters of mercury by the value for flow 
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Table IT Chronic Atelectns s 


DOG NO 
SIDE 

TIME POST 
OPERATIVE 1 
(DUS) 

0\\QE\ 
(\OL PI 

systemic 

VRTERIAL 

CONTENT 
£R CENT) 
MIXED 

VENOUS 

OA\GEN 

CAPAC1T\ 

(\ OL* PER 
CENT) 

SYSTEMIC 
ARTERIAL 0 2 
SVT 

(PER CEXT) 

FLOW EXPER. 
HAG (PER 
CENT TOTVL) 

85A 

c* 

12 52 

9 12 

13 16 

93 0 


left 

o 

11 55 

9 09 

13 57 

85 0 

35 

6 

is 

7 84 

4 SI 

10 0b 

77 0 

33 

c 

12 30 

7 95 

13 65 

89 0 


left 

2 

11 77 

7 09 

14 24 

S2 0 

19 

S5 

c 

17 66 

13 S3 

17 97 

971 


left 

3 

13 15 

642 

13 7S 

93 4 

S 

10 

c 

13 TO 

10 00 

14 14 

95 0 


left 

3 

16 07 

S 81 

1711 

92 9 

S 


10 

15 06 

S 50 

16 4S 

90 4 

12 


13 

10 10 

4 37 

12 75 

81 0 

231 


32 

13 54 

6 25 

14 09 

94 9 

2} 


19S 

12 65 

SS4 

14 56 

89 4 

10 

Cl 24 

C 

11 26 

6 53 

11 97 

92 7 


left 

o 

9 18 

4 53 

11 40 

79 4 

20 

147 

c 

17 66 

12 32 

IS 17 

90 0 


left 

3 

13 SS 

S 43 

IS 26 

75 2 

41 


10 

12 75 

SOI 

14 77 

85 2 

20 


132 

15 37 

11 70 

17 33 

87 S 

25 


165 

12 06 

7 11 

13 90 

SOO 

20 

12 

C 

13 76 

9 13 

16 6S 

911 


left 

o 

11 09 

a 70 

13 05 

S4 2 

19 

10 

6 

15 11 

11 72 

15 69 

96 2 


left 

i 

13 01 

7S4 

15 03 

SOS 

12 


5 

9 92 

512 

11 31 

S6 4 

17 


8 

9 SO 

3 SO 

10 5S 

97 S 

0 

90 

C 

11 43 

9 0S 

11 S5 

96 0 


right 

3 

12 97 

7 09 

15 75 

SI 7 

2b 

76 

C 

14 51 

10 55 

15 03 

95 3 


right 

3 

10 03 

5 91 

12 52 

S3 S 

24 

6 

13 23 

S 21 

14 34 

91 2 

20 


14 

14 26 

S 22 

15 74 

89 7 

17 

13 

C 

16 79 

11 59 

17 40 

96 0 


right 

0 

11 30 

644 

13 92 

SI 0 

32 

12 

9 99 

7 21 

12 01 

S2 0 

39 


33 

16 61 

11 11 

19 91 

S2S 

3S 


41 

35 75 

SOO 

29 40 

SO 3 

32 


51 

14 37 

S 10 

IS 36 

77 0 

35 


00 

13 S6 

9 93 

15 36 

S9 5 


5 

c 

13 62 

S IS 

14 37 

93 0 


right 

2 

11 S7 

7 30 

14 36 

S2 0 

27 

7 

11 47 

S 99 

13 75 

S2 5 

3S 

15 

c 

12 12 

9 3S 

12 52 

95 4 


right 

2 

13 29 

7 20 

14 IS 

92 5 

7 


s 

12 90 

7 42 

13 00 

OS 0 

0 


•Control 


tDog pregnant 

tPartlal pneumothorax on normal side 


through each lung m liteis pei minute This assumes that left auricular 
piessure remains constant and that the pressuie drop acioss the lung is pro 
poitional to blood flow 

2 Chrome Experiments — TJndei Nembutal anesthesia, control right heart 
and iemoial aitenal blood samples weie dxaini foi detemanation of ovigen 
content and saturation A light 01 left thoracotoim was then pei formed 1I1( 1 
the mun-stem bronchus tiansected and sutuied At pciiods \ai\ing tioni two 
dais to six niontlis the blood sampling was lepeated It was assumed that the 
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Table EH. Changes in Pulmonary Resistance During Atelectasis 


OPZRI 

RENTAL 

NO. j 

resistance IN j 

ARBITRARY UNITS* > 

FACTOR OF INCREASE \ 

IX RESISTANCE j 

ill NUTES 

CONTROL [ 

(0-) LUNG | 

ATELECTATIC 

LUNG 

CONTROL | 

| (O.) LUNG | 

ATELECTATIC 

LUNG 

oL 

lb 

20 



Lontrol 


20 

40 

1 25 

2 00 

40 

7L 

23 

2S 



Control 


27 

10S 

1.17 

4 20 

50 

sL 

17 

21 



Control 


IS 

212 

1 05 

10 0 

45 

9L 

29 

35 



Control 


H 

56 

0 45 

1 6 

65 

lUL 

13 

16 



Control 


10 

Compl ObstT 

0 77 


10 


11 

40 

0 S4 

25 

60 

13L 

19 

24 



Control 


22 

6b 

1 05 

2 SI 

45 

14L 

96 

116 



Control 


35 

10 

0 3b 

0 so 

40 


97 

32 

1 01 

2 73 

50 


PesLLmce - mean pressure drop across lung (mm. Hg)/flovr through lung (L./mln.) 


)lood irom the atelectatic lung was the same as mixed venous blood, while that 
iruru the noinial lung had the same satuiation as the arterial blood pieopera- 
ti\el\ Throughout the studv the animals bieathed loom an Ftom these 
«ata the per tent ot total flow thiough each lung was calculated, using the 
Niiue principles as discussed tot the acute experiments 


REsLLTS 

jjj lllL ^ ata obtained trom these expenments aie listed m Tables I, II, and 
0 control values 101 ratio ot flow thiough each lung weie obtained, but 
( ,;r- ' v ork' 1 has shown that 40 to 45 per cent ot the eaidiac output in the 
luf I>ertU; ' e ' > ^ le * ett buig In the acute expenments (Table I), ten to lortv-h\e 
-- alt er bronchial obstruction, the first sampling revealed a reduction in 
no \\> r ° U "* 1 ^ le ate ^ et tatie lung to 0 to 34 pei cent ot the total flow There was 
|' nU LaUt when the studies weie upented on the same dog As a 

1 'j’ 1 mar ^csl reduction ot flow through the atelectatic lung, the temoial 
lieu' 3 i V1Ulrjtlou IK ' er iell below SS pei cent The pulmonary resistance in 
°^'gui breathing lung staved the same or tell, while that in the atelectatic 
- inircasul markedlv (Table III) 

'hiufl't tllL ' < j llroniL 1 xjicilinents (Table II) flow to the atelectatic lung was re- 
„ni^ , ° ^ Utk Ls 7 P cr C0Ilt ot the total wlun the hist observations were made 
■'inUr i l *"‘ dIKr °P Lrjtlon ' J,ul remained esscntiallv unchanged during 
observations The svsteime irtenal saturation m these chronic expen” 
unt Aimewhat lower than m the icute ones ringing irom 77 to 92 per 


DI-Cl »ION 


Th I 

Airarrr <k r, 1 ^ 1U tl0U through Jn aukuatK lung with wndelv open 
- , ,J / Uul " lnk tlu> nnmals received artihenl n-spiration was of the 

•ir mU,,UtU,k ^ 1,111 — d and Andrus = s,„c t no 

1 rourcvsion vv is tumid in rums ot blood flow through the two Ium s 
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after the first study, ten or moie minutes after bronchial ligation, this maximal 
effect may well have oeeuned as soon as the lung became collapsed In the 
animals of the acute senes, m which most of the nitrogen was w ashed out by 
pieliminaiy bdateial oxygen bieathing, complete collapse of the lung was evident 
within fi\e minutes A slowei progiession of atelectasis was obseived in the 
chrome senes where room an was breathed tlnough the study 



Figr 2—Dog Xo 16 Intraienous angiogram taken six months after production o 
atelectasis Note unchanged diameter of large \essels and failure of Ailing of small 
on atelectatic side. 

A second difference m the two senes was evident from the levels of the 
arterial oxygen saturation dunng complete atelectasis The somewhat higher 
satuiations m the acute experiments were due to the relatively laige amount 
of dissolved oxygen m the blood dial mng the o\} gen-biea thing lung This 
resulted m an oxy'gen content ot this blood vv ell m excess ot the oxygen carry 
ing capacity of the hemoglobin 

The clinical significance of the magnitude and pioinptness of i eduction 
of flow following atelectasis is evident This adjustment prevents a significant 
drop m aitenal saturation when parts of the lung aie collapsed dunng infra 
thoracic procedures It is similarly this reduction in flow which enables the 
artenal oxygen level to be sustained m chrome atelectasis 
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It is of intei est to point out that rednetion m flow due to atelectasas was 
tar greater than that lound by us during unilateral nitrogen breathing 4 This 
strongly suggests the importance of the mechanical factor (collapse oi the 
lung) m the former The exact location of the mcrease in resistance to flow ot 
the atelectatic lung is uncertain. Fig 2 shows that the large vessels did 
cut appreciably decrease in diametei The locus must, thereiore, he in the small 
Vessels or the lung 

SUMMARY 

In two groups oi dogs atelectasis oi one lung was produced bv bionchial 
ligation. The first group was studied up to three hours arter ligation with the 
pleural space widely opened, under artificial respiration The flow to the 
atelectatic lung was reduced to 0 to 34 per cent ot the total blood flow due to a 
marked mcrease iu pulmonary \aseular resistance Maximal effects weie ob- 
-erved in the first postatelectatie studv, ten to iortv-five minutes arter ligation 
The second group ot dogs was allowed to survive 101 periods up to six 
months Reductions in flow similar to that m the first group i\ ere observed 
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DISCLSSIOX 

[t r ^ ^ ^ FLXXEBTV, Xew York.—This work represents an excellent development or 
Pr ^ Un ^ aneata l orork ot Andrus, Moore, Bergrenn, and Bjork. While working with 
e or Crafoord, Dr Carlens and I had an opportunity to make some observations which 
1 4 lament l0 this work. 

r j _^^ aril "oas in the oi\gen saturation or the hemoglobin or peripheral arteriolar blood 
x _ Patients undergoing thoracic operations were observed bv means of a sensitive 
^ v Yde plate icntilatton Ms assured bt the use ot a mechanical positite pressure 
a clj 1 11 1 ^ aratU3 ' au 4 a double lumened endobronchial anesthesia tube was employed. 
Permitted imlation or deilation ot the lung on the operated side at wilL 

t eat '- nn r> the pleural cavitt and disconnecting the lumen or the endobronchial 

1 a t0 °P erate( l Itmg, thus allowing it to collap.e, tails in the hemoglobin s 

: ( j Peripheral blood carving up to 40 per cent were noted. This tall was 

eiag due to the tlow ot reduced blood through the none entilatcd lung, wi... 
i ji_ ‘ '’ 3l rLtJrn to the penpheral circulation in its original unsaturated condition This 
13 effect a pulmonarc artcriotcnotis 'hunt 

t v ‘ ua ui tL *- pulmonare arterc to the detlatcd luiu oblitered this .hunt’ and. ns 

e (U I'^rrpt'e ral saturation iminediateli ro-e to normal or near normal let eh It 

i ( ; rf " r r tf-al t 1 "- fal1 ln saturation was roj„hlt inter eh proportional to the 

ral-ologt in the operated lung, bcin„ ab'ent or minimal in totally destroted 


atura 
inter 

wnli its 
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lungs, and maximal m well functioning lungs, as m the case of a small peripheral tumor 
This, of course, suggests that as a lung ceases to function, as m atelectasis or suppuratne 
disease, its pulmonary blood flow decreases 

e believe that these observations are clinically significant for the following reasons 
first, long periods of collapse of the operated lung that has an intact pulmonary blood 
flow lead not only to hypoxemia, but probably also to carbon dioxide retention and 
respiratory acidosis This can be corrected either by maintaining adequate ventilation 
to the operated lung, which may make surgery difficult, or by early occlusion of the 
pulmonary artery to the operated lung Furthermore, occasionally we see a patient with 
bilateral emphysema in whom, upon opening the thorax, and permitting the operated lung 
to deflate, there develops marked respiratory embarrassment and cy anosis, of such a degree 
as to make us consider abandoning the operatiye procedure Early occlusion of the 
pulmonary artery to the operated lung, closing the “shunt” in many cases results in such 
marked improy ement that the operative procedure may be completed uneventfully 

DR C ROLLINS HANLON, St Louis—We were interested m this problem seyeral 
years ago and, in conjunction yvith Dr Dean Warren at Johns Hopkins Unnersity, we 
earned out some physiologic studies of the blood flow and other factors associated with 
atelectatic lungs in dogs In our experiments the nght mam bronchus was divided, the 
proximal end sutured and the distal end left unsutured We found, as was reported here, 
that immediately after tins procedure there was some depression of the penpheral oxygen 
saturation of blood It yvns usually surprisingly low, in the neighborhood of 55 or 60 
per cent We assumed that that was due to one of tivo things, either because there was 
some interference with blood floiv to the good lung, due to atelectasis, or because a con 
siderable amount of blood was still going through the atelectatic lung As time went 
on, two to six months thereafter, the oxygen saturation of arterial blood grnduallv rose 
so that the standard ley el after two to six months was 88 to 90 per cent, indicating that 
relatively little blood was running through the atelectatic lung Therefore we assumed 
that in the acute stage the unoperated lung was somewhat below par so far as efficiency 
of oxvgenation was concerned This was confirmed by the finding of patchy atelectasis 
in the unoperated lung at autopsies which were done electively on dogs one or two dais 
after the operation was earned out 

With regard to pulmonary vascular resistance, we attempted to inyestigate this 
by banding the opposite pulmonary arterv with Teactive Cellophane, so that as months went 
on one would get constnction of the opposite pulmonary arterv driving blood to the 
atelectatic lung By this device, which is a useful experimental device for cyanosis (and 
that is the main reason I mention it) one can achieve, two to six months thereafter, arterial 
oxygen saturation varying from 65 to 79 per cent as a continuing level 

DR ROSS ROBERTSON, Vancouver, B C—As one who uses endobronchial anesthesia 
very extensively for pulmonary surgery, I am very grateful to Dr Peters for his pnptr 
With endobronchial anesthesia, surgery of the lungs is a great deal easier, but yve have ninny 3 
been worried as to whether or not the shunt from the atelectatic lung interfered with the 
oxygenation of the patient In a few cases yve have taken arterial oxygen saturation nDer 
the endobronchial catheter yvas placed, and have found that before the chest was opene 
there is quite a drop m oxygen saturation of arterial blood Consequently, in using endo 
bronchial anesthesia, there is somo urgency in opening the chest, but as soon ns the chc< 
is opened and the lung can collapse, and the yessels collapse with it, the oxygen saturation 
rapidly rises to approximately 85 to 90 per cent, and so we feel justified in using this tip* 
of anesthesia 

I)R PETERS (Closing) —Regarding this marked fall in saturation discu-sed In 
Dr Finnertv, it is important to point out that if animals are giyen pure ox'gen, the 
amount of dissolyed oxygen in a pulmonary 'em on the aerated side represents two or three 
cubic centimeters per 1Q0 c c of blood and in this manner the systemic arterial oxygen satura 
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u i can be protected even if there is flow through the nonaeruted long Likewise, the extent 
f cjilap-e l exrretnelr important In the experiments m which dogs breathed nitrogen m 
i.c lung, the decrease in blood dow was much less than when the lung was collapsed 
Thus if the mechanical factor is not utilized the dow will be greater and therefore the 
ituration lower The low saturation might represent poor ventilation of the aerated side 
The oxvgen saturation m animals which have 20 per cent oi their blood flowing 
thruagh an atelectatic lung will range, if air is used for breathing, down to S4 or 65 per 
cent. If the dog is breathing oxvgen as in the acute experiments the oxvgen saturation 
tsv at almost a normal level Our oxvgen -arurations have been in much the same range 
-s iho-e spoken or bv Dr Hanlon except tor the tact that compensation occurred lm 
tcdiateh in these experiments and we did not notice anv significant further decrease in 
fljw with sub equent observations 

With regard to the use of endobronchial anesthesia, the onlv suggestion I would make 
rculd he to be sure that the patient has all the nitrogen washed out ot the lungs and blood 
ov on gen breathing, so that immediate collapse of the lung will occur following bronchial 
clinon 



SURGICAL MAN AGEMENT OF PULMONARY EMPHYSEMA 

Gerald L Crenshaw, M D (by invitation), and 
Donald F Bowles, M D (by invitation) 

Oakland, Calif 


B ASED upon the theoiy that pulmonaiy emphysema results from broncho- 
spasm and avaseulanty of the lung with secondary nutrient degeneration, a 
pieliminaiy repoit of a new idea in suigical management of pulmonary emph\ 
sema is piesented It is felt that the degenerative cycle of pulmonaiy empln 
sema may be interrupted by establishing collateral enculation to the lung 

Fiom a physiologic and pathologic standpoint, pulmonaiy emphysema is 
divided into four categories (1) diffuse hypertrophic emphysema, (2) sub- 
pleural bullae and blebs, (3) localized degeneration, more commonly known 
as “cotton-candy lung”, and (4) a combination of two oi tluee of these conch 
tions 

The etiology of pulmonaiy emphysema has been variously attributed to 
chrome cough, loss of elasticity, recurrent bionchial infection, bronchospasm, 
and occupational hazards, or has been considered as secondary to chest wall 
changes 6i 11 However, pathologically the bronchial arteries may show arterio¬ 
sclerotic and endarteritic changes which may produce loss of elasticity with 
thinning of the alveolar walls and degeneration Thus there is a resultant dun 
inution of the capillary bed of the lung, 13 although there is some difference of 
opinion on this latter point 2 

In spite of marked pressuie diffeientials in the systemic and pulmonaiy ves 
sels, it is well known that, m the normal lung, there is free communication be 
tween the two systems through the subpleural capillanes In the diseased lung, 
it has been demonstrated, pathologically and experimentally, that there are blood 
shunts winch allow fiee flow from the diseased tissue into functionmg alveoli' 

16 it 22 These blood shunts are physiologically similai to air drifts 7 20 21 Tl ,e > 
develop between the systemic and pulmonary systems wherever infection in a 
lymph follicle takes place, and have been demonstiated to exist freely in bron 
chiectasis, pulmonary emphysema, and congenital pulmonary atresia 1_ Second 
ary to infectious processes, these vascular slnuits occur neai the termination o 
cartilaginous bronchi 


In animal experiments, by vaiying piessuie differentials in systemic 


and 


pulmonary arteries, systemic blood has been demonstrated beyond the pulmonan 
capillaries If the pressure is high enough oi maintained long enough, systemic 
blood can be demonstrated, by catheterization studies, to be present in major seg 
mental pulmonary arteries This retrograde flow of systemic blood would then 
be shunted into other pulmonary ladieles In dogs the systemic to pulmonari 

Read at the Thirty-Second Annual Meeting of The American Association for Thoracic 
Surgery at Dallas, Texas May 8-10 1952. 
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shunt has been shown volumetrically to be one-third greater than, the normal out¬ 
put oi the left ventucle 12 Study of increased piessure within the pulmonary 
irterv has shown retrogiade flow as fai as the aorta 10 

It has long been established that a collateral blood supply, by nay of the 
mtereostals, enters the lung thiough vascularized adhesions For this reason, m 
doing mtrapleuial pneumonoh sis foi tuberculosis, the procedure is done within 
a period of tv, o niontlis from the onset of collapse so that troublesome bleeding 
irom vaseulanzed adhesions can be avoided It has been noted, in tuberculous 
patients m whom emphysema might be expected, that under areas of pleural 
svmphisis and vascularized adhesions emphysema actually does not occur 14 
This is coutran to what would be expected with the pioliferative changes m the 
blood vessels and bronchostenosis in tuberculous lungs 

In certain cases of pulmonary atresia, life has been maintained by the in¬ 
growth of collaterals from the mtercostal, internal mammary, pericardiophrenic 
and esophageal vessels 4 5 19 These new collaterals communicate with the pul- 
monarv artery radicles, through shunts and thiough the alveolar capillaries In 
fact, thoracotomies with pleurectomies have been performed to establish such new 

collaterals 5 


It has been demonstrated m animal experiments that prolonged bronchial 
0 ^traction produces irrev ersible emphvsema Chiomc partial bronchial obstnic- 
hon, either by bronchospasm or secretions, is felt to be an important factor m 
cimcal emphysema Certain clinical cases of emphysema have benefited by 
complete denervation (sympathetic and parasympathetic), which reduces the 
ac tor of bronchospasm 1 

, "^e benefit derived from the surgical removal of space consuming bullae and 

e 3 has been pointed out 9 In our opinion, this is equally true of atrophic lung 


OPERATIVE TECHNIQUE AND MATERIAL 

The above ideas aie incorporated m a surgical approach to the treatment of 
m monarv emphysema An open thoracotomy is done Degenerated lung is 
^moved bj segmental resection or lobectomy Subpleural bullae and blebs are 
grooved bv clamp resection Smaller bullae aud blebs are treated bv individual 
( j' a res * suturcs As far as possible, all air leaks are controlled Complete vagal 
nervation is accomplished bj severance of branches at the hilum, including 
tKu Ir ° m ^ 1C ' ^ eIt recHrrent laryngeal nerve Perivascular and peribronchial 
- ar ^ dissected and the inferior pulmonary ligament is severed (Blades’ 
The s\mpathetie chain is removed irom the third through the 
( ffr < j an Sbon, including the splanchnic nerves The parietal pleura is removed 
^ 1 e cbest wall Irritative sterile talc is powdered over the visceral pleura 
’vtciV 1C caest 13 dosed, two large intercostal tubes are inserted to which regu- 
sut ttotv is applied as soon as the patient is returned to lus room 

T v!? n Cases ot P u Imonarv emplivsema have been so surgicaLh managed 
v j, 1 Tm tasis Iuvc had ululate) ll procedure-, md in one ease excision oi 
Waso on t! ic opposite side had been done three vears prior to the present 
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Three cases were of the diffuse hypertrophic type, 2 of the “cotton-candy” 
tvpe, 4 eases had bullous disease alone, and 2 cases had bullous disease with 
a cotton-eandy lung ” 

The advantages of lenionng space consuming lesions and allowing more lung 
to become functional is as an obvious indication foi surgeiy Denervation was 
done because ot the successful experience of other suigeons in reducing broncho- 
spasm Parietal pleuiectomv uas accomplished so that the lung would become 
adherent to the chest wall The ingrowth of systemic collaterals mto the pul- 
monan tissue possible stopped the furthei development of emphysema No 
autopsv material is available to substantiate this point In the eases recently 
operated upon poudiage has been done to enhance the pleural chest wall sym¬ 
physis 



i 


B 


y 1 ct fnni, i* Ulcrtwoplc section of pulmonuo eniph>•» 
'iun It ih, ,? ncl,lt > "“>> I'trlbroncWU Intlammatoo 
1 1.1 in i T_,i ** . <-s 100 ) B Enlargement of the 

nl lotlniol thickening ( c (Oil ) 


m itous lung showing loss of alveoli 
changes \n associated arter> Is 
irlirj seen In l showing advanced 


v Ilia' Jl * 1 < j* HKU 1,10 surguul specimens shou the tcpical changes ot empln- 
l iiuul bronchial emluttritis is dt inonstr ited (Pigs 1 1 and 1 B) 

,11 ," IU ,H r 'lirtnulu tl mfl imni ttoi\ mhlti ltions tie usual mil tiequeuth bion 
' u11 dtiiuit r it ion is seen 


Mod 


RESULTS 


., 'i the lnt,Ults ' Urc u,, "l>hte respintorc inpplts in whom i medi< tl 
"• broiRluxhlator drugs owgtn intilnotus, bromhnl drain lge, pneu 
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moperitoneum, abdominal belts, and treatment of any concurrent cor pulmonale 
bad failed to influence the piogzession of the disease In the face of advanced 
emphysema progressing undei medical management, surgical intervention was 
tried With more experience, surgery was found to be indicated particularly 
in those patients with degenerative (“cotton-candy lung”) and bullous disease 

These patients were poor usks for surgery All were dyspneic, and some 
oithopneic and cyanotic Howevei, with the introduction of positive pressure 
anesthesia, their general condition model ately improved and they toleiated the 
operation surprisingly welL In those patients with bullous disease, as soon as 
the thoracic cavity was opened there was immediate improvement m them venti 
lation and course, as compression of the lung was relieved by the piotrusion of 
the bullae into the wound, and this impiovement continued aftei surgical re 
moval of the bullae 

The immediate postoperative period in those patients with the greatest re- 
spnatory crippling was extremely stormy It was difficult to obtain airtight 
closure of the lung at surgery in all cases, because of failure of sutures to hold 
in lung of poor tensile stiength Limitation of respiratory excursion, because of 
pain, embanassed them low pulmonaiy reserve, and likewise interfered with 
adequate tussive removal of secretions Two patients required positive pressure 
oxygen therapy (Bennett valve) temporal fly to lelieve their respn-atory em 
banassment After clearing of the tracheobronchial tree at surgery subsequent 
bronchoscopies were not leqmred Early ambulation without oxygen therapy 
was encouraged 

The late postoperative course of three patients with bullous disease showed 
marked impiovement Two returned to full-time work withm three months af¬ 
ter operation One patient with extensive bilateral bullous disease, who devel 
oped cardiac anest on induction of anesthesia, has been followed for a period of 
two months postoperatively He is now semiambulatory, but is still confined to 
the hospital One death occurred, at thirteen days after operation, in a patient 
with extensu e silicosis and bullous emphysema Death w as due to persistent air 
leak and partial lung collapse with ultimate 1 espiratory failure 

The four patients who had resection of degenerated lung (“cotton-candy 
lung”) showed slower improvement than those patients with subpleural bullae 
and blebs One patient returned to limited work withm seven months after 
operation, and withm one year was doing full-time work, managing his own 
lumber yaid Another of these patients returned to full-time heavy labor, dnv 
ing a logging track, -withm four months after operation The late postoperative 
course of a third patient in this gioup is described m Case 2 The fourth pa 
tient m this group has just letumed to full-time work, as a hospital porter, after 
five weeks' postoperative convalescence 

The three patients with diffuse hypertrophic changes required three to four 
months before slow improvement was noted One patient was able to reume her 
usual household duties withm a pei lod of six months after operation Attac 
of asthma following an upper respiratoiy infection caused a return of mark 
dyspnea and cyanosis, but this subsided with clearing of the infection and she 
is agam doing all her housework. Another patient was working eight hours a 
day, as counterman m a lunch room, withm six months after operation, and has 
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continued at this work with only one interruption of two weeks’ duration be¬ 
cause of a severe bronchial infection, which cleared promptly under antibiotic 
therapy The late postoperatn e course of the third patient is described in Case 

L 

CASE REPORTS 

Case i _b G, a 64-year old white man, was first seen by us in Peralta Hospital on 
Jane 15, 194S The referring physician desired bronchoscopy because of difficulty in breath 
lag secondarv to an acute bronchial infection The patient, a retired manufacturer, had 
recentlv been sent to C alif ornia from the east coast because of asthma and progressive 
<h apnea. Bronchoscopy revealed bilateral thick sputum There was generalized edema 
and reddening of the tracheobronchial mucosa 



h — (Case B G ) Vprll 7 1352 Postoperative roentgenogram showing narrowing of left 

InUreo-.tnl spaces 

The medical management of tins patient consisted or the following His smoking 
completeK restricted Ho was placed on a salt tree diet, on breathing exercises, and 
a ^ , " ro an d lntramu-eular antibiotics He was given mercurial diuretics for cor pul 
^salc bnder this medical management he temporarih improved, but again progressno 
^ =paca and orthopnea were noted Finalh, in Mnv, 1950, hospitalization was required 
j-ciUe of exacerbation of these symptoms, and he railed to respond to diuretics, anti 
t ’ J ’ or to continuous oxvgcn tlierapv Surgical management by denervation and 
^ « ion or lullao had been reported, and the idea or pleureetomv, with development of 
r lttra clr culation, occurred to u-< With tho railuro or medical management in this 
1 * ,Ir « kaI intervention vv is thought worth trving 
Sil p h ' lcal examination just prior to surgerv revealed a dvspneie, orthopnea, and 
( t c ' 111 Ale man, whose condition was critienl Pertinent lindings were an emphvsema 
s mi * mud of breath '•ounds and prolonged expiration 

^ mil rhondn were heard at both ba^e^ 

I-itl 


expiration through pursed hp^ 


- "° rJw rcV, - alLli a poUcxthemia of 0,200,000 red blood eclls, and a hemo 

, “ 110 I r cent V chest rocnt„eno„ram «hovved tvpieal hndin„s of uneralizid 

v l v f tropluc * mphj stun ** 
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On May 12, 1950, a left open thoracotomy was performed, under positne pressure 
anesthesia which the patient tolerated surprisingly well A diffuse type of emphysema, 
without bullae or bleb formation, was found The pulmonary artery was markedly en 
larged Blades' technique of vagal denervation to the lung, removal of sympathetic dorsal 
ganglion chain, severance of inferior pulmonary ligament, and perivascular and pen 
bronchial dissection was carried out The parietal pleura was removed from the chest 
wall, but not from the mediastinum and diaphragm The chest was closed with two inter 
costal drainage tubes, to which regulated suction was applied as soon as the patient was 
returned to his room 



A B 

Fig 3 —A and B ICase A. K.) Dec 17 1961 Poateroantevior and right lateral roentgeno- 

grams showing pulmonary eniph>sema with bullous formation at right top 


The postoperative course was stormy, due to ineffectual cough and poor respiratory 
reserve Minimal pleural fluid absorbed within a few days Within two months after 
operation the patient became ambulatory, and has continued to improve slowly His blood 
count is normal He now makes routine trips across the continent, and is dyspneic only 
on extreme exertion, consistent with his age He was recently hospitalized for hi atera 
virus pneumonia, from which lie made an uneventful recovery 

It is interesting to note that this patient has had episodes of bronchial wheezing 
during asthmatic attacks as marked on the denervated sido as on the opposite side How^ 
ever, physical examination usuallv reveals a free passage of air in the bronchial * ree ” 
the operated side, while on the opposite side multiple Thonchi and rales frequeutlv can ^c 
heard There has been an obvious decrease in the circumference of the operated si e 
the chest, and roentgenograms now rev eal a decided narrowing of the intercostal spec 

(Fig 2) 

Case 2 — -A It , a 73 year old white male machinist, was referred to us bv his attending 
physician oa May 22, 1950, because of progressive dyspnea and weakness He was ana c ° 
stand for longer than ten min utes, and could not walk more than 30 feet without becoinin,, 
markedly short ot breath He had been well until 1945, when lie begun to develop ! 
above symptoms following a severe cold 
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Physical examination revealed a markedly dyspneie man, appearing much, younger than 
hu stated age Pertinent findings were limited to an emphvsematous chest, with dim i n i shed 
breath „ounds throughout 

Laboratory work revealed a normal blood count and urinalysis Chest roentgenograms 
*hOTcd bilateral emphysema with bullae at the right apex. An electrocardiogram was normal. 

The following medical therapy was instituted The patient’s smoking was completely 
reitncted. He was placed on heliotherapy, bronchial expectorants, and carbogen therapy 
He aas given mercurial diuretics for cor pulmonale Under this reg im e n his symptoms were 
relieved temporarily However, his general condition gradually grew worse, to the point of 
complete invalidism from further dvspnen and weakness, and surgery was deemed necessary 
(figs 3, A and 3, B) 



F'C t —Degenerated lung ( cotton candj lung ) 


, 1M.1, a ri 0 ht o[>en thorn o oun was performed it h-amuel Merritt Hospital, 

j I* 0 lt “'- P ri =urc mi the'ia Tin mtire upper lobe and the superior segment of the 
g *’ < L°und to be define mud { coltoniandv lun^’ ) (Fi„ 4) The remainder 

_ foiled diHU'e heperiroplin tmpln-cma V loUstome segmental lobcctoine, and 

r 'j Ul ’ '-'■Uert itiun acre done Tin pirn til plmra ee is riinoud irom the ehest wall, and 
^ tl0!u ri ' r 'Urfaees Were lontrolled is lir is po-sibh Irritatiec sterile tale was 
r > o'er the 'i'nral pleura, ind the elnst was closed with two drainage tulx«, to which 
1 Uctiun Was applied is soon is the pitnnt was returned to his room 
, v I 10 to pcratiec course w is st 0 rni\ due to mild respiratore embarrassment and per 

i _ J ' r !laix dies dur niou hoealized fiuid formed and required one aspiration 

, “ vl * 1 U ’ti'p ranee die tin ( itnnt Us inn imbul itore md w is discharged home on 

rt ’ nth ho pital da\ 

e e / u n “ UHi Io " but unj.roeement (L i„ 3 1 md 3 /, >, ,nd is no e ilde to 

uc>.3 *ntl hi*% c ir units witlnmt 
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Pulmonary ventilatory studies, including cardiac catneterization, were done pre- 
operatively and at three months postoperatn eh Comparison of the findings of the two 
studies reieals uo significant changes Subsequent studies are planned 

SUAIATARA AND CONCLUSIONS 

Various aspects of pulmonary emphjsema aie discussed, and the lationale of 
the surgical approacli to tieatment is gnen The object ot tlie smgen is to 
allow more lung to become functional, to 1 educe bionchospasm, and tosuppl} the 
remaining lung with eollateial eueulation The rnannei bv which this sjstennc 
collateral eueulation leaches the pulmonary capillanes is desenbed 

Eleven patients wnth advanced pulmonaiy emphysema, mcludmg tlie three 
types of diffuse hypeitiophic, subplemal bullae and blebs, and degeneiated 
limg, have been suigieally managed by lemoval, fiom one lung, of degeneiatne 
and bullous disease, complete denei\ ation, and panetal pleiuectomy Degener 
ated lung was found to be lobai 01 segmental in distubution In all instances, 
the pathologic stud} ot the suigical speennens levealed ad\anted changes in 
the blood vessels and m the bronchi 



A 


B 


Fig- 5—A and B (Case A R) Aprils 195.' Postcrounterior and right lutcrul roentgenogram 

shoving pleural symphjsis right v 1th localized pleural fluid collection. 


Although, m the main, the patients in tins senes were seveie lespnator} 
cripples, they tolerated the suigeiy well One death oeciured tliuteen days post 
operativel} due to persistent an leaks The immediate benefit m these patients 
was undoubtedly due to the deneiration and iemo\al of space consuming lesion-', 
but their continued nnprot ement must be attubuted to the ingrowth of collatera 
circulation. 
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POSTOPERATIVE 

peeoperative 

(3 MO ) 


Car hue output 
Heart rate 
stroke volume 
Minute volume 
Tnlal air 

Vrtenal saturation 
f Q 

Pulmonan arterv pre~sure 
pH 


110 
32 cv 
7.24 liters 
575 <- c 
00 per tent 
0 92 per cent 
37/21 
7 42 


110 

t> S liters 
600 c t 
sO per cent 


' 42 


The preuous treatment ol pulmonan emphvsema lias been able onlj to pro¬ 
long ita mentable cvcle Fiom out observations in the piesent senes of patients 
it u lelt that the degeueiatne cvcle ot pnlmonaiv enipbvsema mat be inter¬ 
rupted b\ eatablishmg svstenuc collateial cneulation to the lung The cluneal 
improumint in these patients wail ants luithei tnal ot this pioeedure 
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DISCUSSION 

DB OSLEB ABBOTT, Atlanta, Ga —I want to congratulate Dr Crenshaw on his work. 
This has been our major investigative problem on the Chest Service at Emory University 
School of Medicine since 1945 We were able to present m Boston this month the results 
of studies on over 300 patients with pulmonary emphysema, an operative intervention 
register of 125, with follow up studies both clinical and physiologic 

I would like to trace a little of the history of the operative procedure we have 
utilized for emphysema First, we have not purposely used the parietal pleural stripping 
procedure for Stago V patients We are certainly going to give it a try, but without pre 
ponderance, and we are very grateful for that additional concept We have used it on 
tetralogy of Fallot and have had beneficial results in three patients The origin of our 
application of the idea was in an operating room locker room conversation in 1946, between 
Dr Willis Potts, Mr Brock, and myself They commented upon the work of a 
surgeon who had suggested that parietal pleural excision should be beneficial and s ou 
be done on the next tetralogy that presented no pulmonary arteries The discussion m 
eluded a considerable amount of reference to a conversation between Dr Potts an 
Blalock in which they both were of the opinion that this might bo a valuablo proce 
This is the historical background so far as I know, of this part of the problem o a 
as I know, the plan of combining an upper dorsal sympathectomy with parieta p 
stripping was original with us in 1946 Our patients on whom this procedure was s 
cessful have had a marked decrease in cyanosis, full cessation of squatting, an ac 
potential has approached normal limits 

The next part of the problem was m 1945 when we did our first total c0 
plexectomy on a patient with cor pulmonale, with benefit Ho died in t rco ye 
this discouraged us Brian Blades awakened our interest again by desen ing c ^ 

plexectomy Dr Samson made a mayor contribution in regard to the b ous a p 
the disease At the 1949 meeting of this Association we presented the proposi ion 
denervation procedures, plus excisional surgery, were indicated in pulmonary e p 
We have now come to the point that we feel as follows there are two fun nine 
of disease in medicine This is the disease which is due to a single otiologic ago , 
pneumococcal pneumonia Then, there is another concept which we derived rom a 
meeting of Dr Graham’s residents two years ago, namely, that there is a ' cd 

combination of factors involving varying agents, which goes to pro uco mo ® j, seaS es 

medical disease syndromes A subdivision of this group is, that in some o in 

the early local organic damage resultant to the disease becomes an a 1 1 
the progression of the disease This is the philosophy and the fact and a g PP hlC 

ciation of this should aid in the approach to this problem and other chrom 
disease I would like to present a couple of slides j to the 

(Slide ) This part of the study is where patients were evaluated wi r g ^ of 
degree of bronchospasm present in the emphysematous individual Umy I ^ ^ 
our senes of 250 had demonstrable bronchospasm by our present method „ 

of the types of measurement of maximum breathing capacity before an when he 

tion of many different drugs Usually these tests are desenbed by the patie 

tells you which drug is most effective . ug lung 

(Slide ) This represents an improved technique for transacting emp O en(3 

tissue which we devised because we had tragic experiences in 1946 and Vil J 
with diffuse hypertrophic emphysema, dying because of interstitial homorr age ^ 

rhagic pneumonitis ansmg from the course of the suture line ® ^ nD , tlo n clamp 
should suture through nonflowing blood is applied here The Potts co 
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increased residual air, which means that every breath that comes in is diluted in a large 
volume, much greater than the normal In other words, residual air in the normal is 
approximately 20 per cent of full lung volume and, in emphysema patients, it may become 
as large as 50 or 00 per cent of total lung volume There is, therefore, retention of 
carbon dioxide and there may actually be a change in the blood pH in advanced cases 
Conversely, the oxygen tension at the alveolo capillary membrane is markedly reduced 

If it is not possible for an individual to get enough air m and out of his lungs, you 
do not make him any better by bringing more blood to his lungs And these patients are 
therefore not comparable to the tetralogies or other blue cardiacs because in those cases 
there is ample air m and out of the lung but there is not adequate blood, or at least t e 
blood is not going in the right place 

The reasoning therefore seems to me fallacious that one can improie empiysem 
patients of the hypertrophic type by pleural poudrage , 

The last point I would like to make is that almost regardless of " n I ou 0 
these chronic invalids, if you do it carefully, with tender loving devotion, t my g 
poranly better If you put them in a hospital and increase their bronchia rn 8 
ammonium chloride, if you give them a few whiffs of oxygen with a pressure a ' 

if you give them a large volume of antibiotics, they will be improve , an 
exclude that improvement from the improvement specifically related to t e ® ur ® 1 . m 

tion Dr Whittenberger and others have demonstrated that if you pu sue i a & 

a respirator so that his residual volume is reduced to normal mechanics y, a ^ 
day for a week or so, he will have improvement, some of which remains ^ * t 19 
We have shown similarly, that if we give these patients pneumop ^ perhaps six 

efficient, functionally effective and tolerated well, it may e rcentag e of that 

months and then abandoned and the patient will maintain summary that 

improvement for up to two years I would like to suggest, therefore in ]n 

the improvement which is being attributed to the increased “f ““ ^ the 

effect due to a combination of many factors, some of which may p 7 
residual air, sol of which improve the bronchial toilet, diminish the secretions and make 

the ventilatory function of the lung somewhat more effective 

DR CRENSHAW (Closing)—I anticipated Dr Carter’s criticism Z ““"forge 
would like to reiterate that it is our feeling that bronchospasm undoubtedly P y» ^ ^ 
part in the production of all three types of emphysema, but it is ^rn nt 

ceive that bronchospasm alone can cause such massive destruction of a 

as seen m these pictures ^ , . „>,aorvation period 

Before reporting our theory and procedure we have waited o aUentl0n t0 t he 

of approximately two years on some of our patients wou je re8 pond to a 

fact that the patient followed for the longest period of time had e P 

medical regimen, as outlined by Dr Carter, and therefore -^hl has required no 
This patient was of the diffuse hypertrophic type Since sur g er I * bilateral 

medical regimen for the emphysema He recent y wen ^ ^ 

virus pneumonia with rnpid recovery He is now able to ma e P 
tinent and leads a normal life for a man 67 years of age 

I want to thank both Dr Abbott and Dr Carter for their comments 



OBSTRUCTIVE PNEUMONITIS SECONDARY TO 
BRONCHIAL ADENOMA 

Robert P McBurxea, M D ,* 0 Therox Clagett, MID ,* axd 
Johx R McDonald, M D *** 

Rochester, Minx 

B RONCHIAL adenoma is usualh a slow-giowing tumoi which metastasizes 
in about 5 to 10 per cent ot eases but ■which, be bronchial occlusion and its 
effects otten docs its most serious harm to the patient This latter aspect of these 
tumors lias been otten mentioned in the liteiatuie and is familiar to those who 
deal with such problems However, several questions arise m legard to sup- 
puratne disease associated with adenoma Such questions as to frequence, form, 
and eftect on leseetabilite, morbidite, and mortahtj are those to which an exact 
answer based on a laige expenence is not suffieientlv emphasized in the literature 
This stude was undertaken in an attempt to answei some ot these questions and 
to emphasize other known tacts 


HISTORICAL 


In Mueller s' case m 1882, which was the first case ot bionclnal adenoma 
described, mane bronchiectatic cacities distal to the tumor weie iound at 
necrops\ In Heine V case m 1927, bronchiectasis also was distal to the tumor 
Rcisuer, 3 in 192S, reported a case in which death was due to putrid empeema, 
a nd an obstructing bronchial adenoma was tound at necropsc Kramer/ in 
DIO, reported two cases m which multiple attacks ot pneumonia and pleunsc 
occurred Messier and Rabin,'' m 1932, reported secenteen cases ot benign 
bronchial tumors, twehe ot which were adenomas From a stud} ot the reports 
01 dc mi cases, it seems appaient that in at least eight ot these twehe there was 
e 'idcncc oi inodeiutc to seceie obstiuctne pneumonitis 


Poster Cartel,' in anahzing the clinical tcatuies ot all cases reported up to 
including twent\-two ot Ins own, tound that in 38 per cent ot all cases 
'ben. was clinical eudenee ot pleuns} and pneumonia, in 13 per cent there was 
Tornhicctasis, in 7 per cent there was cmpcenia, and in 2 per cent there was 
I'ulnionarv abscess Fostci Cartel also anal}zed the causes ot deaths in lus and 
bnor cases and tound th it ot the seventeen deaths six were due to empicma and 
buhnunan abscess, one was due to pneumonia, three were due to hemoptvsis, 
■roc lolluwcd tboraeotonn, and tom were clue to umelatcd disease He tnrther 
'bat cuntualh m 00 pel cent ot eases bronchiectasis, pulmonan abscess, 
j Ull l ,v cma will develop Malloiv 7 stated th it one must expect bronchial 
1 with obstnution tnd dcstiuetion ot pulmoiiniv tissue m almost even 

YLi!! "bah treatment is not gi\cit 
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Biunn and Goldman 8 pointed out that occurrence of a lesion of the central 
nervous sj r stem m a case of long-standing adenoma is almost always the result 
of metastatic septic emboli from the associated pulmonary suppuiation They 
also stated that in cases of bronchogenic carcinoma episodes of pulmonary sup 
puration are usually continuous and progressive, and m cases of adenoma thev 
aie intermittent, and when death occurs m adenoma it is usually a result of 
suppurative disease 

Adams, Steiner, and Bloch, 0 in reporting on five cases in 1942, found evi 
dence of metastasis of malignant tissue in tlnee of the the However, m three 
of the foui deaths in the five cases, suppurative pulmonary disease was the cause 
of death or was a majoi contributing faetoi, and m none was metastasis of 
malignant tissue 01 earcmomatosis a cause of death 

Clerf and Buehei 10 found suppuiative disease 01 atelectasis m 60 pei cent 
of then eases They stated that endoscopic removal of the endobionchial portion 
of the tumoi will ielie\e to a laige extent the suppuiation, but the bioncluectasis 
persists Jackson, Konzelmann, and Norms 11 stated that endoscopic diainage 
at least is always advisable in such eases Holley 12 found clnonic pneumonitis in 
eighteen of thuty-nine cases and “suppuiation m only a few ” Van Hazel, 
Holinger, and Jensik 13 had one ease m then senes m which pleural reaction and 
suppuration made it impossible to perform lesection 

Goldman and Connei 11 found significant seveie pulmonaiy suppuiation in 
ten of thirty-eight eases Tins was the direct cause of deatli in two cases in v, nc i 
embolic biain abscesses were piesent Septic cerebral emboli occuired in another 
ease Two of then patients weie tieated by pieliminary diainage (mb lesection 
befoie pulmonaiy resection was attempted 

Delarue 15 compaied the postoperative moibidity in eleien cases of bioncna 
adenoma in which pneumonectomy was peifoimed with a compaiable gioup o 
bionchogemc carcinoma and found 45 4 pei cent moibidity m the adenoma cases 
compared with 241 pei cent moibidity m the cases of caicinoma His 01 
was that this was due to the associated suppuiative disease found with bione 
adenoma 

RESULTS OF THE STUD1 

Tins study is of the 102° cases of bionchial adenoma encounteied at the 
Majo Clmic thiough Decembei, 1950 This includes both the calC |°° 1 g 

cj lindioma types, and excludes any r similar neoplasms of the tiachea e ^ 

was leviewed m all eases so that no enois m pathologic diagnosis won 
included Eight}-six of these eases hare previously been lepoited by 1106 
and McDonald, 10 and some oi the piesent data meiely supplement their v 

Age —The ateiage age was 42 yeais The oldest patient was age * ^ 

the joungest 15 jeais The majority of patients weie m the 30-through-4 -) 


age gioups 

Hex —Theie w eie fiity-fi\ e males and ioitj -seven females 
Duiation of Symptoms — Sla patients weie completely asjmptoma 
Twehe patients had symptoms of nine jears’ duiation oi moie (two of " 


•This croup doe 3 not Include an additional four cases in which 1 h®,* nqtn q| Z icir 
tva 3 not absolutely typical of adenoma, but hlch probably represent m 
mas. Thest, cases plus others form the basis for a separate report. 


pattern 

atleno- 
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-3 svmptoms tor thirtv-six rears'! Excluding these twelve long exceptions 
_c 3 Tc*asv duration was twenty-nine months Including the long exceptions, 
„vc T asc duranon was fim -lour mouths 

^ / ibf jTK -—In decreasing order oi irequencv the more irequent svmptoms 
~cre * 1 cough i2't hemoptvsis (31 recurrent episodes or pneumonitis (4) 
- s. Tain (5 1 icrer (6) dvspnea 

Pn ' ,(.< 1 ? Exiihunai on —In decreasing order oi frequence the more tre- 
i>a» twdings were til decreased breath sounds over involved area (21 dull- 
--v. i wr affeeted area, (3) negative thoracic findings (twentv-six cases), (4) lag 
t-u-ni e movement on breathing and (51 rales over affected area In three 
-q 2 maim us or postpneumonic empvema had bten made beiore the patient 
<—e i.i t_e dune and nb resection drainage had been done in two of them 

ff ifjumgrao7uc Finding*—Findings in decreasing order oi ireqnencr 
are (l, segmental consolidation or atelectasis (21 peripheral mass (oxten 
e m. unsenhed t (3) hilar mass (41 evidence or bronchiectasis. (5) nega- 

1 “ c > l orai ic roentgenogram (ten eases! 

Drj uho'Loyy —Results oi bronehoseopie examination were (11 negative 

2 c -~t ec*is tseven ot these peripheral loeationl (21 not done in lour eases 
r-*’taeral location! (31 positive in 92 per eent oi those examined or SS per 

total group * 

fr< j J )u it —Tfce 102 ease* mav be divided uito two groups irom the stand- 
1 en treatment the nonresce ted and resect eel groups. The nonresee ted group 
ot thiriv nine ease-s ui winch the rreatmem was as noted m Table I 


L T_£aT'tas- in Xo .aEsrerED G-orr or Bronchial Abexojas 


“’in. t 


tj- err 1 a ie-aiv aloae 
^ intan t-nttreat aloae 
2 i> e.non tor e-ipvia-a followed bv diathemv 
Ei,’ e-J noare-ix able < oae oi tbeeje trea’ed with 
e.J* ' e-atr aaJ radoa La e- > 

I * \r-n jad -a l ca -eeJs 
| - L a\ it i rieatgm tna raerr 
L* -e-aiv rad a -evu- aaJ runtgen treatn-eat 
" eat -it advises! or aari-id tat -i .aes] 
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ro 


t n! ' nl Unt ^ r>cU1 ircale vl ehnmmeh bv broiicro-cop e n can» alone sinee 

^ n 1 *aS This is an eloquent expression oi the eli msc m opinion or tlie 

‘ 11 a i „roup in regirel tei ihe treatment oi choice m this condition. 

1,1 ‘*t for Puh lunam ''iippm ot, oi i i tin \>i r^u/i 1 Group —Mich 
' 1 1 t! le, a roup clinical OIllv v except lol c'-ci 111 which nccropsV VYM 
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* ii i ioriu.lv Ih . ntgvnogriphie evidence ot a ere i»ii c ula r lmui- 
N *ul lonarv al'-cc-v. or e.iCinu on broiu i oscoov oi copious ptis 
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Table II Pulmonarx Suppuration in Nonresected Group 


OASES 


DEGREE OF SUPPURATION 

NUMBER | 

PER CENT 

None to slight 

18 

■16 

Moderate 

12 I 


Severe 

9$ 

54 


Results of treatment m the nonresected gioup (Table III) are essentially 
those described by Moersch and McDonald 16 previously Exclusive of those 
known to be dead, all except four of the patients in this group were followed 
four to seventeen years Twenty-one of the living have been followed five years 
or more 

Analysis of the causes of death in the ten cases m Table III is very reveal 
ing Seven patients died as a direct result of pulmonary' suppuration, or pulmo¬ 
nary' suppuration was a mayor contributing factoi m the cause of death One 
patient died as a result of a “heart attack,” and cause of death is unknown m 
the remaining two cases 


Table III Results in the Nonresected Group of Bronchial Adenomas 


RESULT | 

patients 

Living at time of last follow up 

25* 

Bead 

10 

Followed less than a year and no 
recent information 

4 

Total 

ID 


•Twenty-one followed five years or more four followed four years. 


Resected Gi oup —The evidence of obstructive pneumonitis in this group is 
more exact than in the previous group, since the resected specimens were e\ 
ammed in all sixty-three cases Pulmonary suppuiation was none to slight (no 
changes to airless consolidation without bronchiectasis or any' apparent pernia 
nent change) in 42 per cent and moderate to severe (bionclnectasis, empyema, 
abscess, bronchopleuial fistula, and so forth) in 58 pei cent 

Findings at operation and their effects on ease of pioceduie aie summarized 
in Table TV Pneumonectomy' was peiformed in thirty'-tw'o cases, and lobectomy 
or multiple lobectomy in thirty'-one cases 

In addition there weie two cases in the nomesected group in which explora 
tion, but not resection, was perfoimed, one because of difficulties imposed In 


T\ble It' Findings vt Operation and Tueir Effect on E\se of Resection 


cases 


No special difficulty'! 
Moderate difficulty! 
Great difficulty} 


30 

11 

10 


•Operation In this group done by Dr S W Harrington Dr O T Clagett, E*r llotes. 
Gray and Dr W D Seybold InformaUon for this table taken from the surgeo:ns 
t(1) Filmy adhesions or none (2) no large Inflammatory nodes (3) minima 
induration 

t(l) Dense adhesions (2) inflammatory nodes (3) biJar Induration mtly 

5(1) Empjema or pulmonary abscess (2) thick organized rind of Pleuru e * re . n j 
dilltcuit to dissect, no pleural apace (3) marked fixation and induration of hllus 
marks \essels hard to dissect and to Identify 






MC BURNEY ET AL OBSTRUCTIVE PNEUMONITIS 


415 


suppurative disease, and the other because oi the mistaken impression that the 
extensive hilar induration lepresented a malignant lesion 

Postopcratue Complications —There were ten cases m which postoperative 
tmpvema developed In eight 01 these ten eases the degree of suppuration in 
the resected lung and pleural space was moderate to severe Foui of the ten 
litre due to leakage trom the bionehial stump with fistula, and in six no definite 
evidence oi fistula was obtained 

In seven ot the ten eases hemolvtie streptococcus or Staphylococcus aureus 
was obtained Escherichia coh was iound in one of the seven cases, and m three 
eases cultures were negative 

Podopcratne Deaths —There weie tour postoperative deaths and one death 
>vhieh occurred dunng a secondarv operation eleven months later for empvema 
The data on these deaths are as tollows 

1 Right pneumonectomy Death five months after operation due to empv¬ 
ema (\o suppuration in resected specimen ) 

2 Right pneumonectomy Death at operation because oi shock, hemorrhage, 
and asphv'cu (Yerv difficult, much suppuration 1 

3 Lift pneumonectomy Death third dav alter operation Collapse of 
opposite lung (Slight pneumonitis in leseeted lung ) 

1 Right pneumonectomy Empvema and bionchopleural fistula Death 
deun montlis later ot cardiac anest during nb lesection (Moderate pneu¬ 
monitis.) 

'J Right middle and loner lobectomy Death due to asphvxia at operation 
(hemorrhage into tracheobronchial tree) (Moderate pneumonitis verv difficult 
11-51X11011 ) 

Relation oj Degree of Obstruction to Dtgiee of Pneumonitis —In twenty- 
one oi the sixtv-three cases the specimens were suffieientlv intact so that recon¬ 
struction ot the tumor in relation to the bronchial tree could be made In all 
{ hc c tvvcntv one, svniptonis had been present irom one and one-hall to fitteen 
'vats Such an examination ot faxed specimens cannot oi course be totallv ap- 
plaablc to the living lung, but m general in specimens with severe degrees oi 
"■■t ran ion the degree ot pneumonitis was more severe than m specimens with 
lx <-r degrees ot obstruction In eighteen cases the obstruction was 50 to 100 
, u,lt ai 'd pneumonitis was moderate to scveie m all but one In three cases 
mructiou was less than 50 pcr cent and pneumonitis was minimal 

Then were twelve cases in which the lesions were located penphcrallv or 
jriMn -t 'rout a branch ot a secondarv bronchus onlv These ht the dexcrip- 
J,) oi the hvc cases described bv Maicr and Fischer, 1 and in all twelve the 
mpioms vu.re minimal, the tumor was not visible brouchoscopicallv, and pneu- 
"mis was minimal 

In General, m cases with svinptoins lor more th m a vear, suppuration was 

rL trcipicnt and usunllv more severe than in cases with shorter duration oi 

Ttoiiis 

/.tsu/fj i,i /he IUsictid (.roup —Ixelnsive ot the three late deaths and 
^ a e I’ostopervtive deaths, ill patients except live were iollowe-d one vtar or 
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Table V Results of Treatment of Patients Who Underwent Resection op 

Bronchial Adenoma 


RESULT 

| PATIENTS 

Living at time of last follow up 

50 

Dead (including postoperative deaths) 

8 

Insufficient follow up 

5 

Total 

63 


more Results (Table V) indicate that once diseased pulmonary tissue is re 
moved and the patient lecovers from opeiation theie is little danger of trouble 
from suppurative disease 

Two of the late deaths were due to metastatic malignant lesions, and the 
cause of death is unknown in the thud ease 

COMMENT AND CONCLUSIONS 

In recent years there has been much discussion as to the degiee of mahg 
nancy of bronchial adenoma It has been mentioned, but not sufficiently empha 
sized, that fai moie patients with bronchial adenoma have died as a lesult of 
suppuiative pulmonary disease than have died from metastasis of the adenoma 
Although the antibiotics have made it possible m lecent years to control in 
fection and pneumonitis m some degree, their value may be offset by delaj in 
diagnosis of obstructing tumoi of the bronchus, if temporary resolution of ob¬ 
structs e pneumonitis occurs on antibiotic therapy, and the physician is not wary 
of the possibility of obstiucting tumor Oui expenence has been that, while 
the antibiotics will control many of the septic manifestations of pneumonitis, 
they will not preient the changes in the lung which result from bionclna 
obstruction 

Fiom the e\peuence at hand it is appaient that appioximately ao to b 
per cent of patients with bionchial adenoma wall bare significant to seiere c 
giees' of obstructive pneumonitis About 10 pei cent of bionchial adenomas 
will be located peripherally and wall produce few or no changes of pneumonitis 
The degree of obstructive pneumonitis appears to he directly 1 elated to t 
duration and degree of bronchial obstruction The genesis and pathologic c iar 
acteristics of the changes m bionchial obstiuction have been desciibed by 
Donald, Haniugton, and Clagett, 13 and also by othei eailiei authois, anc ties 

descriptions need no fuithei explanation 

It is of inteiest to note and compare the lesults of McDonald, Hailing oi, 
and Clagett’s stud} with the piesent one It one considers then giade 3 and 
pneumonitis as compaiable to modeiate and severe changes, then "dh t ^ 
adenoma series some 63 pei cent had modeiate to seieie changes and I 
cent had no to slight changes With the scpianious cell caieinoma gioup, y0 P c 
cent had moderate to seiere changes and 50 per cent had no to slight chan °® 
In the large cell carcinoma gioup 16 pei cent had modeiate to seieie cMia 
and S4 pei cent had no to slight changes In the adenocaicinoma gioup 21 P e 
cent had modeiate to seiere changes and 79 pei cent had no to shglit chau 0 es 
In the small cell gioup 27 pei cent had modeiate to seiere changes and ^3 pc 
cent had no to sbght changes 
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These figures are significant in proving the point that the longer the bron¬ 
chial obstruction is present and the more the degiee of obstruction, then the 
greater the degree of pneumonitis and suppmation Thus, until the relatively 
benign (or low-grade malignant) adenoma the incidence of pneumonitis and 
suppuration is highest, foi these patients live longer, have obstiuetion longer, 
and obstruction is usually in a centrally located bronchus Next highest is the 
squamous cell gioup, and the incidence becomes louer the higliei the giade of 
malignance or the moie penpheiallv the tumor is located 

There seems adequate basis for our belief that suigical resection of the 
adenomas with severe pneumonitis is much more difficult than resection of 
adenomas without seteie pneumonitis AetualK some of the cases included in 
this stud\ ha\e been the most difficult of anj pulmonary lesections In those 
cases with marked changes theie is extieme difficulty m getting thiough the 
dense pleura The lung mat be just a mass of \essels and bionehi with marked 



1 Resected luni, liicli had multiple abscesses dense pleura, and no aerated lung tissue 
present all secondary to obstruction b> ndonoma In tho main bronchus. 

1 ts truction and inflammation (Figs 1 and 2) Ldema aud induration are often 
?' sllL * 1 degree as to make identification and ligation of major vessels ten 
' 3 *ardous aud difficult More than hall ot the lesections m the senes were 
11111 because oi such reasons 

, <Jnt - cxtrunelv interesting observ \tion Ins been that mnu\ of the patients 
' 0 1 ^ iL 'ere suppurative lung disc ise were csscntiallv at times afebrile, nianv 
ainbulaton, and some were even working In this same line, although in 
j iri tL ^' > ' ir ge imounts oi pus were spilled into tile pleural space at opera 
1 mu otih dal emptcin i not oetui, but the pitionts were itchrile and made 
, inoterus We lie an ible to explain these ob-a nations, and un- 

"■■aUle do nut have ex let enough d«it i to uidvie sueh eases In scteral 
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cases, howerei, the pus -was foiuid to be bactenologicalh stenle, and in others 
apparently the bodr had immunized 01 adapted itself to the piesence of such 
a laige ueciotic focus The fact that many of the patients had lecened antiln 
otics also undoubtedly played a pait m then well-being eien -ulien seieie pnon 
momtis was piesent 

Theie was a faiilj high incidence oi postopeiatne enipjema (15 pci cent) 
We beliece that obstiuctive pneumonitis, by inci easing the technical difficulties 
of lesection and bj the piesence of pus, plats a laige pait in the high incidence 
of postopeiative empyema 

If one considers, howetei, onlj those cases m which opeiation has been 
peiformed from 1945 tlnough 1950, the incidence ot empjema is onh S pei cent 
This compaies with an incidence of appioxmiately 11 pei cent foi empjema fol 
lowing lobectomy and pneumonectomy foi malignant pulmonaij disease (cam 
noma and miscellaneous malignant lesions exclusn e of adenoma) * 



Fig 2 ^Large bronchlectatlc carltles In resected lung These are distal and secondary 
bronchial obstruction b> an adenoma in the main bronchus 


It is belieted that this lowei incidence m the case ot adenoma in lccent 
jeais is due not so much to antibiotic and technical changes as to the tact that 
these patients are non undergoing pulmonaiy lesection eaih hefoie the seterer 
clianges of suppuiation hate occiuied 

Relief ot bionchial obstiuction bj endobionchial resection diainage nu' he 
a taluable pieoperatne pioccduic m some cases This has been done in lc,> ' 
ot oui cases, but not m enough to enable one to diaw ant conclusions as to its 
benefit 

•Records of all pulmonarj resections for malfgnant pulnionarj disease done at tin 
llajo Clinic from 1915 through 195U were reUeued to obtain this figure 
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Rtliet ot bionchial ohsti action b\ endoscopic means did, in manv eases m 
the nonresected group, cause leliet ot symptoms and appaient healing m some 
iais ot sueie suppuiative disease However, with leeunence of obstruction 
cure pneumonitis lean’s 

Tlie causes ot death m bionchial adenoma also emphasize the impoitance of 
ihc siippuiatne tactoi Ot the total gioup, two patients died appaientlv as a 
result ot multiple metastatic giowths tiom bionchial adenoma Exclusive of 
the |)Ostoperati\e deaths, ot the otliei patients on whom we have adecpiate mlor- 
■nation seven died ot pulmonan suppuiation and its e&eets, none of hemoi- 
rhage, and one ot uni elated causes 
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ADENOCARCINOMA DEVELOPING IN A PERIPHERAL 
BRONCHIAL ADENOMA 

Report of a Case 


Commander William Umiker (MC), U S N , and 
Captain Clifford P Storey (MC),U S N 
St Albans, N Y 

A LTHOUGH there is no longer doubt concerning the malignant potential , 
lties of so-called bronchial adenomas, no well-authenticated case of bron 
chial adenoma showing clear-cut histologic evidence of transition to adenocar 
cmoma has been recorded The purpose of this report is to describe and lllus 
trate a ease which showed convincing proof of adenocarcinoma developing in 
a peripheral bronchial adenoma This obsei vation is of considerable importance 
m relation to the therapy of patients with bronchial adenoma It adds further 
weight to the opinion of those who believe that such lesions should be managed 
by conservative pulmonary resection, and that endoscopic lemoval is not an 
acceptable method of treatment 

BronehiaJL adenomas may be locally invasive or may metastasize by way o 
the lymphatics or blood stream 1 5 Metastases to the liver, veitebial bodies, 
opposite lung, and kidney have been reported 1 3 5 In most of these eases tie 
metastatic lesions have been leported as bemg similar m histologic appeal ance 
to the primary tumors, which in turn did not demonstrate microscopical features ^ 
which would indicate malignant transformation Graham and Womack ex 
pressed the belief that bronchial adenomas may lose their onginal features an ^ 
develop into typical bronchogenic caicinomas They leported a caicinosaiconia 
of the lung which they believed arose fiom a bronchial adenoma, but presente ^ 
no convincing histologic proof foi such an mteipietation Holley state t a 
a case of bronchogenic cai cmoma studied at the Aimy Institute of Pa o og 
presented changes which suggested a histologic transition fiom bronchia a 
noma to bronchogenic carcmoma, but noted that the available materia 
not conclusive Clerf and Buchei 7 leported a case of bronchial adenoma 
which tissue from the bionchus was examined histologically at mteiva 
a five year period at the end of which time caicmomatous change was etec e 
That finding was confirmed at autopsy They did not state the histologic yP 
of carcmoma which had developed 

We have seen one or two cases of undifterentiated cell bronc ogenic c 
cmoma which had some features of bronchial adenomas, but the findings we 
not conclusive In the case detailed below there seems to be unequivocal ev 
dence of a transition from a carcinoid type of bronchial adenoma to a 


carcmoma 

From the Departments of Pathology and Thoracic Surgery of the U S Naval H 
St. Albans Long Island NY n _j nje not 

The opinions and/or assertions contained herein are those of the a D rtmen t or the 
necessarily to be construed as official or reflecting the views of the Navy Deparunw 
naval service at large. 


Received for publication ilarch 24 1952 
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It has been generally accepted that bronchial adenomas are mvanablj 
hilar in location However, Maiei and Fischer 3 reported five cases arising 
irom small bronchi with one which was peripherally located. The case de¬ 
scribed below was also ot this rare penpheial vanety 

CASE REPORT 

Clinical History —D L. N, a 32 year old white man, was first studied m 1915 because 
of the discovery, on routine chest roentgenogram, of an oval x ray density m the upper right 
ling (Fig 1) All physical and laboratory examinations were within normal limits 
Ehctcnologie studies of the sputum for tubercle bacilli were negative. He was asymptomatic 
lad afebnle throughout four months of hospitalization His discharge diagnosis was ar 
re*ed pulmonary tuberculosis Subsequent chest roentgenograms taken at six month intervals 
bowed no significant change until Julv, 1951, when the mass was tound to have enlarged 
markedly (Fig 2) The roentgenograms showed the lesion to be well circumscribed, dense, 
tut not homogeneous, and several areas suggested calcium deposition as well as cavitation 



1 Fie = 

ti„ -ccV 1 —Roentgenogram taken In 134o showing the lesion in the peripheral portion of 
nt.ni upi*.r lung 

°.'‘C iticn.' Roentgenogram taken in 1951 showing the marked Increase in size with central 

* "as almitted to the bt Ubuus Naval Hospit il on Nov 1 1951 At that time he was still 
~ 1 toruativ. and afebrile and he remained so during two md one-half montlis of hospitaliza 

a ^ "^cre was no cough, che=t pain, hemoptvsis or sputum production. Breath sounds 
b) ° diminished, and scattered drv rales were audible m the right paravertebral area 

, _ V 111 ‘Qferior angle of the right scapulx Second strength tuberculin skin test was slightlv 
11 HtcaJu copie ivamuiition reve-alcd no po-itivc tmdin„-< and aspirated bronchial 
^ o” 3 W ' n ' ^ or ac,, I lust h will, and tumor cclN 

x n J ’ ln 3 > 10 o2, ri 0 ht thoracotomv was performed k rounded, modcratelv firm mas.-, 
- i. t U lLM m JlaniLt '- r ""W cm ouutcrod ui the posterior -egnient ot the right upper lobe 
> A -ot attached to, the phuru. Frozen sections Were reporte-1 as “well differentiates! 
J. K \ Ln '* J r *” ,lt u l'l’' r l°beetomv vv ls perlormed The hilar nodes were gros.lv 

' !l11 sever il Were remove.1 lor hi tiili)„ie -tudv The patient h po-toperativc 

"a. ventful 

| ! ' nf rar n.itio i — 

11 T! 1 tumor con eted ot i lobulates! .it, tearotic, -plum d n a.5p hv 0 i| 

1 ' e t ' borders were fairlv “harplv demarcated Lut noaencaj eulat 1 T! cut 

d aad pre eate-d a cvm. ne\rotic center -urroun.le 1 bv soft, friab’c wavish 
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tissue Tlie adjacent pulmonarj parenchyma was slightly firmer than normal, and its cut 
surface was grayish, to yellow brown Three lymph nodes showed onh antlumotic pig 
mentation 

Microscopic The tumor pattern varied considerabli m different sections and within 
portions of the same section. It was largelj medullar} or alveolar with masses of closeh 
packed, small, cuboidal cells with clear cjtoplasm and small, round, resicular nuclei Small 
glands or tubules were formed m a few places (Figs 3 and 4) Stroma was sparse in the-e 
regions, and tlie general appearance was like that of a carcinoid tumor E'sewhere the cells 
were slightly larger with eosinophilic or clear mucous-cell t}pe ectoplasm (Fig 5) Con 


Fig 3 



Fig t 

Fig 3—Typical histologic appearance of a bronchial adenomu 


A few smnil glands arc 

Note the^ stroma separating the bronchial epithelium from tlie tumor ( V :ir clnoid 
Fig -t —Same area under high magnification Not the strong resemblance ° 
tumors. C X125 ) 
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t anting diarplv with this appearance nas that of other portions of the tumor which pre- 
-intel malignant lppeanng glandular structures separated bv varying amounts of dense 
n! riu. conneitiu. ti"Uc (Fig 0) These gland' vant d markedh m size and shape and were 
line! hi cuboidal or columnar cells with hvperehromntic nuclei showing considerable 
ML-ukano i' and frequent mitoses (Fig 7) The benign portion of the tumor appeared to 
lc n ing multicentricnlh from 'inall bronchi or bronchioles In mam places the normal 
hrotulual epithelium could be 'ecu to end ubrupth and to widen out into bands of tumor 
tlt„ S) Foci of squamous metaplasia were numerous in bronchi within the tumor (Fig 9) 
S-ieral Umph nodes were negative for tumor 
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DISCUSSION 

> This ease piesents several interesting features The first is the clinical 
course The loentgenogiaphie appeal ance was so suggestive of pulmonary 
tubeiculosis that that diagnosis was still entertained after thorough and pro¬ 
longed study, despite the absence of symptoms or bactenologic confirmation 
When, six years aftei its discoveiy, the lesion suddenly enlaiged and developed 
cential cavitation, it was interpieted as indicating extension of a tubeiculous 
process with central necrosis It seems highly probable that the adenocarcinoma 


Fie 7 



of 


FIs S 

FIs 7—Same area under high magnification. Compare with benign appearance 
FIs 1 (X125) Lluue 

Fig S—Bronchial wall showing junction of normal epithelium and neopiasu 
which appears to be arising from the lining mucosa. (Xl-5 ) 
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vis not present mitiallv, and developed in the adenoma at the time of the rapid 
increase m sLze or the tumor This ease is remaikably similar to that reported 
h. Lltn and Buchei' which underwent malignant change five years after its 
duection. 

The secondary pulmonan changes usually seen in bronchial adenomas were 
minimal due to the iact that the tumor was penpherally located, and thereiore 
ilnl not obstruct a large bionthus The findings in this case agree with those 
'A \nderson 3 who stated that when the diametei ot a bronchial adenoma exceeds 
n.e centimeters it has been present 101 at least eight tears (as determined irom 
the date ot onset ot svmptoms) The tumor in this case measured six centi¬ 
meters in its largest diameter and was known to be present at least six rears, 
-ml probable eonsideiabh longei 



n addition to its unusu ll location and histologic combination, this neo- 
11 Pfcwnud still mother lunaihable leatuie tli it ot its apparent origin 
11 bnuiJod epithelium This is contiare to most concepts which ia\or 
-Ui irnin bionchial ducts, 1 ' bioncliial glands, 11 ducts or glands, 11 oncocytes, 11 
’ tide ilopul bronchial buds 1 * The bionchial gland or duct theon his 
Acd tla tric itesi current populuiU This is bised clnuh upon the iact 
t'u\ u-u ill\ arise troin in ijor inoncln md rirch irom tlie smaller rami 
' do nm c out an nun oils gl uids Howevci, u uiMtioiis irom mucous glands 
■'idiMiis lia\c not hicii reported The net tint the occrhing inucOsa is 
J v tilt nt and sepuited Horn the minor b\ i band oi connective tissue 
1 us untie ited i„ mist i mucosal origin Jhn\ authors seem to neglect 
“ ' t * nl bronchi il epithelium, as well as bronchial gl unis, commits mucous 
, ' i ^ bis . im. showed deUmte triicsiuoiw irom norm d mucosa to tumor 
• 1 «- 1 ur tmduus do not disprove lie bmmhial .,1 mil or duet origin lor 
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most adenomas they do suggest that similar tumors may aiise from bronchial 
epithelium as well The findings of squamous metaplasia in duets m the region 
of the neoplasm has been obseived by others 3 > 6 

The histologic changes in this ease would seem to piovide additional cm 
dence that the term bronchial adenoma is a misnomer Nevertheless, similar 
situations aie encounteied in adenomas of othei organs, such as the thyroid or 
kidney, where a benign appearing neoplasm may develop into fiank caicinoma 
01 may metastasize -without any change in its benign histologic appearance 
Fatahties due to bronchial adenomas have been due almost exclusively to sec 
ondary pulmonary changes, even in those unusual cases with metastases, unless 
there has been transformation into frank carcinoma Thus it would seem desir 
able to letain the teim adenoma until a more satisfactory one is found, provided 
their malignant possibilities aie borne in mmd To label them as caicinomas 
would confuse them "With typical bronchogenic carcinomas, which aie so 
dissimilar both moi phologieally and ehnically 


SUMMARY AND CONCLUSIONS 

1 A case of peripherally located bronchial adenoma with histologic cm 
dence of transformation into adenocarcinoma six years following its detection 
has been desenbed 

2 The tumor appealed to arise from multiple foci in the bionchia niucos 

3 The advisability of letaming the term bronchial adenoma has neei 

buefly discussed . , 

4 Pioved adenocarcinomatous change in a bronchial adenoma ur 
emphasizes the necessity of treating adenomas by pulmonaiy resection 

5 Finally, cases such as this again raise the question of the accepta 11. 
of the policy of “watching” round lesions, thought to be tubeiculous m na uie 

Acknowledgment The photomicrographs were taken by Mr Mort Russin 
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INDUCED PULMONARY TUMORS 

Walter J Burdette, Ph D , M.D 
New Orleans, La 


|T 1"5 generallc agreed that surgical treatment oi carcinoma ot the lung is 
I limited b\ the advanced stage oi the disease when it is first seen More in¬ 
formation concerning the etiologv or this neoplasm is eertamlv needed to extend 
the benerits ot surgical therap' and perhaps provide new tvpes oi treatment A 
Utah oi the causes or experimental pubuouarv rumors in animals is one wav ot 
approaching the problem and such an investigation has been made m order to 
determine whether different agents known to mciease the number ot these tumors 
act m a similar manner 


The most userul animal tor experimentation on tumors is the mouse and 
numerous strains which ha\e been mbred ror mam generations over a period 
oi 'ears are aiailable tor stud\ The -1 strain is genetieallv homogeneous and 
'pentaneoush deielops pulmonan adenomas which aie markedh increased in 
numbus when carcinogenic Indioearbons *■ nitrogen mustaid, 1 3 " or urethane 10 
are administered Since mam other strains are not this susceptible, and the 
tumors appear regularh tront one generation to the next it is belieied that 
cvnc ior susceptibilit\ to these tumors are present on the chromosomes or this 
'tram. Certain less susceptible strains or mice ha\e xisible anomalies each due 
to a speuhe guie on the clironiosomes The IP strain carries three of these 
mutant genes 


Aitir appropriate crones between the .1 and 11 strains the physical ap- 
learancc and the number and distubution or tumors in the oflspring afford 
"iinimit niiorination to tell wlicthei the genes lor xusceptibiht' to tumors are 
hiutd to genes tor the \isible anomalies B% comparing results when different 
f 'iiucaLs are used to induce the tumors it should then be possible to tell 
' ether the tumorigunc effects ot different chemicals are mediated through a 
uuilar I' Jt hwa\ Results ot stieli linkage studies on nine with pulmonare 
*•''nomas induced with urethane are pre*sentcd in this report 


methods* 
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Mice of the A strain were mated to the TV strain and the offspr ing , having one of the 
genes under discussion from each parent, therefore had the genetic constitution Sh 2/th 1, 
TVaS/waS, F/f Females of this type were then backcrossed to the TV strain, and among 
the resulting offspring it was possible to compare Sh 2/sh 2 to sh 2/sh 2 , Wa S/wa 2 to 
wa 2/wa 2, and F/f to f/f individuals Mice of these genotypes have the following physical 
appearance, respectively Sh 2, sh 2, Wa 2, wa 2, F, and / This designation will be used 
in the description hereafter rather than giving the entire genotype 

The animals were injected with urethane at weekly intervals beginning when the mice 
were ten weeks of age, and continuing for fourteen weeks One milliliter of recrystallized 
urethane in 10 per cent aqueous solution was injected intmpentoneally m weekly dosages of 
1 ml per 100 Gm. of body weight Weights were recorded at weekly intervals throughout the 



Fig- 1 —Pulmonary adenoma In the V strain 

study Tho mice aero autopsied four weeks after the completion of treatment, uud 
number of pulmonarv tumors counted under the dissecting microscope They were cou 
again after fixation as a check on the nccuracv of tho tabulation Sections were prepur , 
and histologic study mado of the lungs from each mouse A control group of A mice " cr ' 
also given tho urethane treatment described and were studied in a similar manner 


RESULTS 

Uicthaue proved to be somewhat to\ie m the dosage used, but 91 per cent 
ot the animals survived the tieatmeut All of those completing 14 injections 
and surviving four additional weeks wcie found to have one oi inoic adenomas 


/ 
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This was confirmed by examination oi microscopic sections The gioss appear¬ 
ance oi the tumors is lllustiated bj Fig 1, and a microscopic section oi one of 
the tumors proti tiding mto the bionehus appears in Fig 2 In some instances 
the tumors were cxceedinglj numeious and invoiced all lobes oi the lung, with 
a lew tumors m some specimens becoming confluent The mnnbei of tumors was 
checked bj weighing the lungs fiom each mouse As might be expected, moie 
tumors usuallc occuned in the lungs weighing the most Theie evas an acerage 
oi 34 G pulmonary adenomas per mouse, with 35 S in females and 31 2 in males 



Ulcru epic Ms_tion of the tumor shown in Up 1 Note prutru-Uun of tumor into 

bronchus 


Tf 

tn ; | 1 - 1 " u sht ot the lungs was 0 217 Gin The mean muiibci oi tumors 
Jr ' lm ° s ot Bie iter tlian acciagc weight w is 45 1 wheie is the mean 

^ 11 xr ot iduiomis w is onlc 20 0 in those mm with lungs weighing less than 

table In i contiol gioup oi 5j mm ol the .1 strain, the acerage 
, Kr 0t at *e Hennas pet mouse was 33 7, with m ice rage oi So 0 tumors in 30 
K Hales and SI 2 tumors m 2 J m lies 

I '-J!li JU !° r lllU ^ L llllnuls sur '»ong twelite eight weeks are airanged m Table 
lJ t i ip tumor eount in those miee showing cisible m unlestations ot marker 
, l,M ' lL “^“parcel to those without In the b lekerejvs, s/i _> miee had an 

p' ei )(, i tumors, where is s/t 2 mini ih hid onlc 25 1 This is a stalls 

11,1 Jlff ^»ec fl* - 00001) I ikewise, the acer.ge munhei oi 
' - , ’ lor annnils w is sigmiieantic higher than the tcenge, 25 0 

„ t ' 1! ' ruu b U* =- 000071 On the other lnml the mean number oi 

“ p "mnilexeel till) mice tl 1 Is not Sigmiie tilth dllte re lit Irmii the 
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WEIGHT CURVES OF BACKCROSS MICE TREATED WITH URETHANE 



Tme IN WEEKS 

Fig 3 —Comparison of weight curves of mice with and without shaker 2 


WEIGHT CURVES OF BACKCROSS MICE TREATED WITH URETHANE 



7)UZ IN WEEKS 

4 —Comparison of weight curves of mice with and without icaicd 2 
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dean ior / (flexed-tad) individuals, 32 5 (P = 0 19) Similar differences are 
iound between the medians or the various groups and the means ior the right 
(upper, middle, and lower), right median, and lert lobes separately 

Curves ior the average bodv weight or the various gioups are shown in 
tigs 3 to 6 Although the weights are eonsistentlv lower m those mice having 
icjw d2 coats, shaker-2 behavior, and a belly spot, the difference is small com¬ 
pared to the range ot weights Females with flexed tails liav e mean weights verv 
similar to those without, but males with flexed tads have average weights which 
are leas than those with straight tails (Fig 3) 

WEIGHT CURVES OF BACKCROSS MICE TREATED WITH URETHANE 



DIsCL-ssIOX 

Tl 

Ufl - is good evidence that greater numbers ot pulmonarv tumors appear 
M ^' r urethane treatment when the x h-2 and 11 a-2 genes are expressed than 
U1 ~ an 'l ir<i J are puseiit on both ehroinosomcs ol the pair (Table I) It 
' P ,v, i di that tlie results tor the X/i-J uid 11 a-2 loci are due to double or sec- 
, ar ' ot e uii siem the ]>reseim oi i sum iptibihtv acne adjaunt to 

, |'"'l"sti\ l marker gene, or tlu jitesiiue ol a siiseeptibihtv gmc (or genes) 

, , (1 | 011 ’* lc vhroinosome Inuring tlu two markers hveii it onlv one su.s 

l T _ 1 ll ' - Ul1 "vre present on the elireiiuosoiin the data suggest it to Ik. at j 
' !| t lour, thin that issoeiatc-d with 'h 2 uni dcscrilR-d bv Heston m his 
1 u nuts with metlnlehol inthrun Low m 1 did not elcttrnime lnikaue, but 
i , ” ‘'Use e ptibihtv to one dominant ,enc wlun urethane was use el ior m- 
1 ,J t tumors m hvbrids ol the .1 mil ( * stocks 
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Mean body weight is slightly and somewhat consistently lower in groups 
of mice with the sh-2 and wa-2 characteristics, bnt the difference is not sufficiently 
large or the corresponding lange in weights sufficiently nanow to be considered 
decisive (Figs 3 and 4) Also theie is a difference between the u eights of males 
and females, and yet the mcidence of tumois, if different at all, is lower in 
males than females Therefore there is no conclusive evidence that the gieater 
number of pulmonary tumors in Sh-2 and Wa-2 mice is secondanly related to 
the effect of the genes on body weight 

WEIGHT CURVES OF BACKCR0&S MICE TREATED WITH URETHANE 



TIME IN WEEKS 

Fig 6—Comparison of -weight curves of mice with and without belly spot 

No difference is found in the aveiage munbei of tumois when mice with 
flexed tails are compaied to those without Howeiei, it is intei esting that a 
difference in tumor count becomes apparent as soon as the piesence of a belli 
spot is used ns the enterion of the piesence of the / gene The decieased in 
cidence of tumors m animals with a belly spot appaientlv is not an example of 
true linkage to the f gene, but is an association with one of its manifestations 
Again the weights encounteied do not entnely conespond to expectations if 
the effect of the gene on tumoi incidence is mediated tluough its effect on bod' 
weight Differences m body weight are small (Figs 5 and 6) and there is 
a difference in the weights of males but none in the weights of females "hen 
a comparison of the weights of mice with flexed tail and nonflexed tail is made 
Heston 8 reports linkage to Sh-2 and F (nonflexed tail) but not to IT" - 
when 20 methylcholantluene was used to induce pulmonaiy tumors In contrast 
to these findings, the data m this report indicate linkage to Sh-2 and Wa-2 and 
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Table L Linkage ot Susceptibility to Pulmonary Adenomas Induced With Urethane 


strain 

or 

GENERA 

ro\ 1 

MARKER 

GENES 

NO OF 

MICE 

INJECTED 

NUMBER 

OF TUMORS 

MEAN TUMORS PER LOBE 

MEDIAN 

MUAN 

P 

RIGHT) 

MEDIAN 

LEFT 

A 


53 

si 

83 7 ± 2 75* 





ec: 

Sh 2 

127 

32 

36 1 ± 1 92 


21 6 

33 

11 2 

EC 

sh 2 

97 

21 

25 1 ± 1 59 


14 6 

23 

81 


Wa 2 

132 

31 

354 + 209 


21 1 

3 3 

11 2 


vva 2 

92 

22 

25b ± 23S 


151 

2 2 

7 S 

EC 

P 

179 

27 

311 ± 1 5S 


IS 6 

29 

9 7 

EC 

f (I'lexed tail) 

45 

2S 

32 5 ± 3 3S 

0 19 

IS S 

2 7 

9 S 

EC 

I 

US 

30 

34 4 ± 1 77 

0 003 

201 

3 1 

10 9 

EC 

t (BcU\ spot) 

7b 

23 

25 5 + 3 5S 

15 8 

2 2 

7 b 

•Standard error of 

the mean. 








tLppcr middle and lower 
tBackcross. 

uone to F (nonflexed tail) when urethane uas used Theietore, the pathway by 
"lueli the two chemicals act must not be entirely the same, since genes foi 
sibceptibiliti to the chemicals do not show the same linkages 

SUMM VR\ 

1 Resistance to pulmonary adenomas induced with urethane is linked to 
1 *■ s ^ cr -~ and uuicd-2 genes on one chromosome in the mouse but not to the 
■ 1 \ed tail mamtestation ot an additional gene on another chromosome 

- Since linkage of susceptibility genes and ceitain marker genes is not the 
xiine ior tumors induced by urethane and 20-methylcholanthrene, it is likely 
■at t us,e two chemicals do not act m an cntiieh similar manner in pioducin°- 
l hc same tvpe of tumoi 
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"'kw Vf an<i Homing, E S Tlie Induction of Tumors With Nitrogen Mustard 
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“j’ Tho Inhentanco and Linkage Relations ot a New Recessive Spotting 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 

The 33rd annual meeting of the American Association for Thoracic Surgery mil be 
held March 27, 28, and 30, 1953, in San Francisco, Calif Headquarters will be at the 
Hotel Fairmont. Suitable accommodations also have been reserved at near bv hotels, the 
Mark Hopkins, the Huntington and the Sir Francis Drake 


Requests for Hotel Reservations 

These should be mailed to Dr H. Brodie Stephens, Chairman of Hotel Committee, 
American Association for Thoracic Surgery, Eoom 200, 61 Grove St, San Francisco 
Calif The following information must be included (1) two choices of hotels, (2) tips 
of accommodation desired—single, doable, twin, room or suite, (3) name of other room 
occupants, if any, whether wife or another doctor, (4) date and approximate hour of 
arrival, (5) date of departure, (6) return address 


Abstracts for Papers 

Abstracts for the presentation of papers at the 1953 meeting must be received on or 
before Dec 1, 1952, otherwise they will not be considered by the Program Committee 
Fne, repeat, five copies of each abstract should be sent to the Secrotary of the Association, 
Dr Paul C Samson, 2938 McClure St, Oakland 9, Calif They should not be sent to the 
Editor 

The abstracts should contain from 2Off to 250 words, and should accurately reflect the 
contents of the completed paper 


Applications for Membership 

Applications for Associate Membership in the American Association for TlioraM 
Surgeri must be recened by the Membership Committee not later than December 1, 1 1 -’ 
to be considered for action at the meeting in San Francisco in March, 1951 Application 
recened on a date beeond that deadline must be deferred for consideration until 1054 

Applicants must be sponsored b\ three Aetna or Senior Members of the Association 
In addition to the sponsoring statement on the application form, the sponsors must subnet 
a separate letter concerning the applicant direct to the Chairman of the Membership 01 ^ 
mittee These regulations are at the direction of the Council and were made effective 
the meeting in Dallas in 1952 

Completed application forms should he -ent to the Chairman of the Member - 1 '! 
Committee, Edward M Kent, M D , 1406 Clark Building, Pittsburgh 22, Pa 
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Original Communications 


THt CARL OF THORACIC AND THORACOABDOMINAL VOlND's 
IN THE COMBAT ZONE IN KOREA 

3Iuoi low u d Lrne>t Rocket ° Medic \l Corps Armt of the l \ited "stvtes 

T ills studt ls based on 163 thoracic and thoracoabdominal injuries handled 
at the Mobile Ainu Surgical Hospital ^076 A rim 1'mt m Korea between 
luh IT md Dec 17 1951 

The mix-ole wounds were penetrating m 126 cases 1 77 3 pei cent), peiio- 
fatma in 52 eases (19 6 per cent) and the reinaining T cases (3 1 pei cent) had 
* rush injuries oi the (best One bundled and twentt sewn (77 9 pei tent) oi 
die-M. pmeats had thorneie and 36 (22 1 pei cent) had thoracoabdominal m- 
'urus Tlie wounds weie sutkiiiir at the tune oi atlinission or dining the process 
’■ debridement m 4 5 eases (26 4 pei cent) The pathologt eras unilateral in 
1*2 ( ( 0 3 per tent) and bilateral in 11 (b7 pel cent! or the patients Ot the 
1 >2 unilateral uijuiics t'O (77 per edit) weie lotated on the right and 66 (43 
!’ r " ut > on the lett side 


1 hi oi ut tTltt t tin 

r tie time oi admission the wounds weie e ueitills sUitetcel Phweal 
tCsiain t ion y poste roante rioi md 1 it e r 1 1 \ rat tuws oi the chest weie utilized 
1 ‘ '• 1 'tiludtion oi the pitient Blood piessine puKe md the rate oi respirn 
’ u wre (1 e< keel it irupieiit intert lls Blood truisiusion was st irted Without 
J ' un'ess there w is no detimte ewdeiue oi appreciable blood loss All the 
'Uls \ v re _iten uitibioties ii inub, one million units oi ertstallm penicillin 

I 1 *iin ot streptomw in it the time oi idmission lollowed bt bOO 000 units 

II i (dim etert si\ hours md tmi ot streptomwm twice a d it during 
‘"'ut in the hospit d The p limits twit Kc pt m i position most column- 

1 1 l Ifuti ' tit Anna l M tin- f t*l r» uj \ uti n f r T1 inu 

_ 1 u r \ t Mo mi i *.*_ 

1 * * ti i t (1 M In \tt v tur-i it H i t cl ^ T Vrn \ l n t \ xlh K t » 

1 Ut- t r i it l l l h\ th »utl rut! t jit f hi* \n tu U tJ \ 

t c! tl i in x t tl M t il < rj \ i it 1 "t it \rm 
1 , * 1 Murt 1 % \ m> H i it il \V Itl it M n I \ f J r < *t m t k 

* * tr t t * \ j* M i il i 1 « H -c r i x J-iIth V ni H ; t I \ 

1 -i 



436 


THE JOURNAL OF THORACIC SURGERY 


able to them which fiequently was Fowler or semi-Fowlei Those in shock 
weie kept flat on their backs 01 in the Tiendelenbuig position Oxygen was 
admimsteied as indicated thiougli nasal catheters 

CLINICAL MATERIAL 

Table I is a summaiy of the clinical matenal and indicates the type of 
pathology lepresented, and the form of therapy applied with the results 


Table I A Summara. of the Climc VL Material 



PENE 

PERFO 






T RATING 

RATING 

CRUSH 




FINDINGS 

WOUNDS 

WOUNDS 

INJURIES 

EVACUATED 

DIED 

T0r\L 


Retained metallic foreign 15 15 

bodies without hematoma, 
hemothorax or pneurno 


thorax 

Hematoma 9 

Hemothorax, hemopneumo 38 

thorax or pneumothorax 
treated by repeated as 
pirations 
Crush injuries 


Sucking wounds of the 13 

chest treated by tube as 
piration and closure of 
the uound 

Conditions requiring tho 11 

racotomy or its modifica 
tions 

Thoracoabdominal injuries 17 

submitted to laparotomy 
and suction through the 
diaphragm 

Suspected thoraeonbdomi 10 

nal injuries with negative 
laparotomy findings 

Conditions requiring tho 9 

rncoabdominal explora 
tion 


3 


12 


12 

7 


45 


45 


5 

5 


5 

9 


22 


22 

fi 


14 

3 

17 

o 


16 

3 

19 

1 


S 

3 

11 

4 


10 

3 

13 


Independent chest and in 4 

dependent intra abdomi 
nal injuries 

Totals 126 32 5 


4 


4 


151 12 . 


I THORACIC INJURIES 

Some of the penetiating missile wounds of the chest lequired no other 
tieatment than debridement of the entrance wound oi wounds They were the 
ones with the metallic foreign body letamed in the lung without evidence o 
hematoma, hemothorax, or liemopneumothoiax on x-ray pictures Glimcalh 
these patients weie asymptomatic They were kept under observation for two 
or three days prior to then evacuation There weie fifteen such cases in this 
series 

Twelve of the patients had no othei symptoms than hemoptysis and n 
times pain on the side of the injury X-iay pictures of the chest showed one 
oi more well-defined aieas of density within the parenchyma without evidence 
of hemothorax or hemopneumothorax The wounds were debnded, the tracheo- 
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bronchial tree was kept iree by encouraging coughing and expectoration, and, 
u needed, bv bronchial cathetenzatiou 01 bronchoscopic suction The hematoma 
ui the lung m these cases cleaied or regressed to a great extent prior to evacua¬ 
tion within three to seven davs 

Fortv-five ot the penetrating and periorating missile Mounds which, led 
to hemothorax or hemopneumothorax were submitted onlv to debridement oi 
the wounds and lepeated aspiration 01 air and/or blood fiom the pleural space 
The aspirations were penormed as soon as the evaluation oi the case was com¬ 
pleted As much as 1,000 c c ol blood was aspirated at one tune in manv ot 
the easts, and, it \-rav pictures showed evidence oi reaecumulation oi blood, the 
aspiration was repeated datlv or, u necessarx, e\eu on the same da\ Prior to 
the removal ot the aspirating needle V_> Gnu oi streptonnem and 400,000 units 
oi penicillin were instilled mto the pleural space lollowmg each aspuation 
The patients with hemopneumothorax or pneumothorax were submitted also 
hi deflation oi the pleural space This was accomplished he the application oi 
suction (In an electue suction machine) to the aspirating needle The suction 
at times was contmued as long as fiiteen minutes These patients showed evi- 
deme oi good lung re-expansion The clouding caused by the hemothorax 
Glared completeU, or to a great extent, pnor to evacuation within two to eight 
da\» with the exception oi two patients In these two cases the need ior surgi¬ 
cal evacuation ot clotted, ot perhaps organized blood trorn the pleural space 
mi obvious 


hnc patients were seen with ciush injuues represented In multiple rib 
matures hemothorax, and hematoma oi the lung Intercostal nerve block with 
1 per mit procaine lepeated aspiration oi the hemothorax and keeping the an 
passages clear In repeated eathetei aspirations stabilized these patients Thtv 
all Hire evacuated in good condition and their lungs expanded within thice to 
vGlil da\i mllovving admission 


The open or sucking wounds ot the chest oi wounds suspected oi being 
milt, with hemothorax or hemopneumotborax were handled under general 
cudotrachcil anesthesia The wounds were dtbndcd a thoracotoim tube was 
uiwrtid through the dchrnled wound uut the pleural space was aspirated The 
'mind was closed up to skm level while the lung was kept inflated and the 
‘h'omrflv inserted thoracotoim tube was lemoved simultaneoush .Vs mdi- 
' ihd In subsequent \ rax findings some ot these pitients needed turther dailv 
1 | c ttion Those sucking wounds which presented evidence oi depressed 
r V Ira cturcs required resection ot the irregular rib ends In these cases the 
1 'Ural spin, vias irrigated with uoruul saline solution prior to the closure ot 
c list v, «Kl«.ct l) V approximation oi the suit tissue lasers outside oi the 


l-n L tal pleura ALso, a thoracotoim tube w ls inserted into the pleural space 
1 a tqunduit position ior continuous underwater drainage Tvveiitv-tuo ox 
loftv three sucking wounds ot the chest were treated onlv In this method 
4 111 u hb ri expanded lungs with onlv evidence ot clearing pareiiehvinal 

11 ll 'n tunc ot thur evacuation The rest ot the sucking wounds idl 


> tl 


c r.U'Up oi thoraeoabduunn ll injuries 
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Conditions lequmng open thoracotomy or modifications of it at a Mobile 
Aimy Siugieal Hospital level aie few (1) actne nitiapleuial bleeding from 
mjuied lung with 01 without internal mammaiy 01 niteieostal \essel mjun, 
(2) injury of mediastinal stmetuies, (3) presence ot laige intiapleural metallic 
foieign body, if it is easily accessible from the site of the entiance wound, (4) 
wounds of the laige bionchi and mtiathoiaeie part of the tiaehea, (5) wounds 
of the heait 

Contiary to the wntmgs of Maeklei, 1 Tuckwell, 2 Woodiuft, 3 Blackburn, 1 
and otheis, peifoiation oi anatomic likelihood of peif caution of the diaphiagni 
was not found to be an indication for open thoiacotomy 

A total of seventeen patients w'eie submitted to open thoi aeotomies Thiee 
ot them died in the opeiatmg loom one, of peifoiation of the aoita, two, of 
heart wounds The eauliorespnatory function of the two patients with lieait 
wounds ceased befoie the incisions weie made and the thoiacotoimes weic pel 
formed pnmanlv foi puiposes ot lesnscitation The lemaimng fovuteen pa 
tients were evacuated in good condition with the lung well expanded and aer 
ated, showung evidence of paiencliyunal clouding only at the site of the lepaned 
lung wounds In foui ot them the chest wrns enteied thiough extensions of the 
chest wall wound The lemaimng thirteen patients weie opeiated on thiough 
electixe incisions In foui ot the patients a posteiolateial appioach was used, 
and m nine ot them the chest was enteied tluough anteuoi incisions (Diagram 
1, A, B, C, and D) In this pioceduie the pleuial cavitx was enteied thiough 
the thud, fourth, oi filth autenoi mteicostal space, and coiiespondingly the 
thud and fourth, oi fourth and fifth, oi fifth and sixth cartilages ivere divided 
The skin incisions weie placed ovei the mteicostal space which was to be utilized 
as an entrance to the pleuial cavity, and weie extended fiom a point about one 
inch medial to the eostochondial junction to the imdaxillan line If the plan 
was to divide moie than two cartilages the incision was extended dounwaid at 
a light angle to its medial end (Diagiam 1, B, C, and D ) A meticulous closuic 
of the wound m laxers assuied good healing The lung laceiations weie caie 
fully debntied and the bleeding points controlled In sutuie ligatures of 00 or 
000 silk The Inonclual openings weie closed with 00 silk mattiess sutuies 
The debnded lung suitaces weie approximated in laxeis with 00 clnonnc cat 
gut sutuies The peifoiatmg wounds of the lung weie handled in a simdai 
tashion except that in the tunnel of the wound stups of Gelioam were inserted 
Only nonxiable subsegments oi segments of the lung w r eie lesected In none of 
the cases was lobectomy oi pneumonectomy pcifoimed Pnoi to the closuic oi 
the chest wall the pleuial space was caietullv nugated with noimal saline so 
lution, the lung was fully le expanded, and two thoiacotomy tubes weie m 
seited into the pleuial space toi xmdeiwatei diamage 

U THOIUVCO lmiOiUX \L IX JURIES 

As stated piewoush peitoiatiou of the diapluagm is not an indication 
toi open thoiacotonn These thoiacoabdonuiial injunes were handled by 
lapaiotomy pieceded by closure of the sucking wound ot the chest, if such ex 
isted The diapluagmatic peitoiatiou was closed liom the abdominal side 
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mile the contents ot the pleural space weie aspirated bv a thoracotoinv tube 
vmch was inserted into the pleural space through the tear ot the diaphragm 
Tnt tube, to which constant suction was applied, was remoeed while the last 
utch or the diaphragm was tied and the lung kept inflated, simultaneously 
In ca^es where a hollow viscus or the abdomen was pertoiated, the pleural space 
’vas careiulh irrigated with sahne solution prior to the closure or the dia¬ 
phragmatic tear, rrequentlv a thoracotomy tube was inserted into the pleural 
flux tbualh alter the completion or the laparotomv 




Diisrun 1 —\ irl tku of tht rn»uKin> incNiort? 


itui'ui oi our p itmits w e ix h nulled m iln^ i Lsliion 'M\te-en oi them 
mu-,1 m good condition with the lung well c\pinded witlnn ten dies, 
V)l ■> flair o|»eratiuii Three ot the p Hants died one m the operating mom 
y 1 lu '"“dies inflowing the ope r ition oi lrneersilih slow k mi | n „ t ] 
" ’ 111,1 U[K ' slN lollowmg the operilion, oi adenunie ileus and 


U, tig 
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Theie were eleven suspected thoracoabdominal mJunes which were sub¬ 
jected to lapaiotomy with negative intia-abdominal findings If the abdominal 
findings were nmlateial, intei costal neive block served as a great help m dif 
feientiating referred thoiacie signs and symptoms from true abdominal pathol 
ogy Eight of these patients weie evacuated m good condition with the injured 
lung well expanded Three of them with bilateral chest wounds died Each 
of these patients had sucking wounds which w r eie taken caie of pnoi to laparot 
oinv All thiee of them died of lespuatoiy failuie caused by extensive bilateul 
mtiapulmonary hemonhages In each case x-ray examination showed wellde 
fined areas of clouding of both lung fields The patients expectoiated consider 
able amounts of blood Two of them died on the fust, and one on the second, 
postoperative day Two of these patients were autopsied confirming the clinical 
and x-ray findings of extensive bilateial pulmonary hepatization 

Conditions lequuing thoiaeoabdominal exploiation or modifications of it 
are few These aie uppei abdominal and lowei thoiaeic injuries not accessible 
thiough lapaiotomy wounds alone such as 

(1) some of the livei wounds, (2) few of the otherwise not accessible 
diaphragmatic tears, (3) injuiies of the hnvei end of the esophagus and eaidiac 
end of the stomach 

These conditions, of course, are in addition to the cases with indications 
foi open thoiacotomy which also have evidence of intia abdominal uijuiy 
Thu teen patients weie in this gioup of winch only eight weie true thora 
eoabdonunal exploiations Thiee of them weie submitted to thoiacotomy fol 
lowed by lapaiotomy Two of them had lapaiotonnes and ddbiidement of 
chest wall defect leading to adequate exposuie to conect the mtiathoracic part 
of the pathology Ten of the patients did well and were evacuated with well 
expanded lungs, showing x-iay evidence of hematoma only at the site of the 
lepaued lung mjuiy Thiee of them died two in the opeiating room of cai 
diac standstill, and one of adynanne ileus on the seientli postopeiative da) 

The opeiatue appioaches to abdonunothoiacic exploiation aie indicated m 
Diagiam 2, A, B, C, and D A midiectus, oi occasionally a paianiedian 
lapaiotomy incision was always used Aftei the abdominal cant) was openct 
and the indication to entei the chest was established, the opeiative incision 
was extended upwaid tlnough the seventh, sixth, and fifth cartilages, and at 
times e\en the fourth If needed, a lateral extension was made to the midaxi 
lary line within the intei costal space below the highest divided cartilage (most 
commonly the fifth) In the majont) of the cases this lateial extension ol the 
incision wms not neeessaij (Diagiam 2, D) At times, the diaphiagm was di 
vided up to the teai or perforation in oidei to mciease the visibility posteriori) 
In cases of uigenc) in the thoiacie pait of the nijuiy, as in cases ot actne 
bleedmg, the operation can be started as an antenoi tlioiacotoni) and later tlie 
incision extended downwaid 

Independent chest injuiies wuth mdependent abdominal injuiies lesulting 
trom multiple penetiating shell fragment wounds were handled as indicated 
The principle of eail) reestablishment of noirnal cardioiespnatoiy ph)Siolo' c O 
m so fai as possible was kept m nund The chest injuries weie first treated 
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iLu increaaiug the chances that these patients would survne a subsequent lm- 
i»-4mte laparotomr Four patients were handled m this manner All of them 
cere e.aeuated m good condition with the injured lung fully expanded 

POST OPERATIVE C IRE 

In the postoperative penod the antibiotic therapy was maintained until the 
urination or the patients, which was approxunateh ten dais The thoracotomv 
tnbra were irequently suctioned, m addition to the continuous underwater 
drainage Breathing exercises aud coughing weie encouraged Bronchial 
raFeterization and bronchoseopic suction were applied without hesitation 
Vvdle aspirations were performed it the x-rav findings suggested reaccumula- 
u^n 01 mtrapleural fluid 



Oi isram 2.—1 iri tied of abUoinlnotlior iclc fnUsloas 
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’ 1 to u \ il ! , i ntln r is. pi < uii Ltla r i\ i r i \i i i <. ut ini ij ulm n in li’vx J 
“ t ‘ l v r " I I tur ^ HI no ! is , j rn r to < > i u it Ion ’ t, ml i • 1 1 i n t[ 

' l-i „ Tin- | in, ,t t juir 1 no a Hu tl nj \ i tl r t! n 1 1 ri 1, u nt of 
1 1 i til l 1, , 


njin-tiu itnt . im. oi ptiwiritin^ rm-vsik wound-, without dt 
1 1 u 'l wqumcca 
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Case 2 —E T , an American corporal, sustained crush injury to the right chest in a 
truck accident He had moderate subcutaneous emphysema X ray pictures showed fracture 
of the first to seventh nbs inclusive on the right side and evidence of minimal hemothorax 
Intercostal nerve block with 1 per cent proeame was done from the first to the ninth inter 

Fig X Fig 2 



Fig 3 Fig -i 

Fig 1 —A metallic foreign bod> Is located at the let el oX the sixth posterior Intercostal 
space near the hiluni and one at the le\e! of the fifth posterior rib at midline. jthin 

Fig- 2—Lateral \fe\\ places one metallic foreign bod> near the hllum find one n 
the anterior chest wall ^ 

Hg J—Oblique \lew of tile chest shows multiple rib fractures and moderate subcutane 
emphysema . - 

Fig 4—Posteroanterior \Iew shows fracture of the first to se\enth ribs with the i 
f xp inded 
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tal ‘pace inclusive Blood was aspirated from the right pleural space in tne consecutive 
Ian with clearing of the previously blurred co^toplirenic sinus and subcutaneous emphvsema 
ta great extent (Figs 3 and d) 

This is a repiesentatne case oi crush injure which responded well to con- 
sere atne measures 

FiS 5 



Fig C 
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Three aspirations of blood from the right pleural space led to considerable clearing uf the 
right lung field (Fig 6) Nine days following admission, this patient was evacuated in 
asymptomatic condition 

This is a repiesentative ease of hemothoiax which responded well to re 
peated aspnations 

Case 4—K. Y S, a 17 year old South Korean soldier, sustained a penetrating shell 
fragment wound of the left chest with the entrance wound at about the seventh intercostal 
space at the midnxillary line resulting m left hemothorax (Fig 7) Two successive aspira 
tions of blood from the left pleural space led to some clearing of the lung field The patient 
expectorated a considerable amount of blood, and showed evidence of atelectasis of the nght 
lower lobe two days following admission Bronchoscopic suction, encouraged coughing 
regime, and repeated pleural aspirations on the left side led to good clearing of both lung 
fields (Fig 8) He was asymptomatic at the time of his evacuation, four days following 
admission 


This is a iepresentative ease of hemothorax and atelectasis which ic 
sponded well to repeated aspnations, bionchoscopie suction, and encouraged 
coughing regime 


Case 5 —V F K, an American pm ate first class, sustained perforating bullet wounds 
of the left chest causing hemothorax and mtrapulmonary hemorrhage within the left upper 
lobe region The missde entered at the fourth intercostal space and parascapular line and 
left the chest at about the anterior end of the first nb Aspiration revealed 1,200 c c of 
bright red blood, followed by 200 cc at the time of second aspiration on the same day 
Under general endotracheal anesthesia, the wounds were ddbndcd and tho pleural space 
was aspirated by a thoracotomy tube through the debnded wounds which were sucking at 
this stage of the operation As the tube was removed, the wounds were closed with 0 chromic 
catgut interrupted sutures up to skin level Three days later aspiration retealed 400 cc 
of dark blood The next day aspiration failed to reveal blood, and the patient was evacuated 
in an asymptomatic condition with the lung fully re expanded 


This is a repiesentative ease of sucking peifoiatmg wounds of the chest 
with hemothoiax and pulmonaiy hematoma 

Cvse 0—J R H, a 20 year old American private, sustained perforating gunshot 
wounds of the nght chest He was admitted twehe hours after the injury, complaining o 
pam and dyspnea He had marked subcutaneous emphysema of the chest wall The en 
trance wound was located at about the level of the fourth nb m the interscapular space, and 
the exit wound at the right supraclavicular region and nudclaviculnr line The latter "as 
sucking while handled X rav findings (Fig 9) showed hemopneumothorn-x, comminute* 
fracture of the outer half of the right clavicle, and depressed fracture of the second, thir* , 
and fourth ribs Prior to surgical intenention 400 c c of blood and a large amount of air 
were aspirated Under endotracheal anesthesia the wounds were debnded, loose clavic e 
and nb particles were removed, the irregular clawcle and nb ends were resected, tho pleur 
space was aspirated, and a thoracotomy tube was inserted into the pleural space in a depen 
ent position The wound was closed m layers Six days following admission, he was e'ncua cm 
in asymptomatic condition X ray pictures showed complete lung re expansion with onJ ' 
pnrcnehymal clouding pre-ent (Fig 10) 

This patient exemplifies sucking chest wounds with depiessed fiacture of 
nils and hemopneumothorax 

C \SE 7—E J G, a young American soldier, yyas admitted the and one half hours after 
he sustained a penetrating bullet yvound of the right chest At the time of admission he 
complained of hemoptysis and dyspnea, and had marked subcutaneous emphysema wnic 



ROCKE\ CIRE OF THOR-VCIC WOLND3 IX KOREV 


445 





446 


THE JOURNAL OP THOR VCIC SURGERA 


progressed wlnle under observation X ray examination showed hemopneumothorax on the 
right, fracture of the sixth posterior rib, and a freely movable bullet within the pleural 
space (Figs 11, 12, and 13) Under general endotracheal anesthesia the entrance wound 
was ddbnded and enlarged, and the fractured nb ends were resected to sufficient length to 
allow the entrance of the examining hand into the pleural space A 31 caliber Ru ssia n car 
bine bullet and a large amount of clotted blood were evacuated from the pleural space This 

Fie 11 Fig 12 



Fig 13 Fig 11 

Fig 11—Right hemopneumothorax and depressed fracture of the sixth rib 
Pig 12—The bullet 13 at the level of the eleventh rib Its point Is downward. 

Fig 13—Lateral view shows the bullet pointing upward leurai 

gig xl—The right lung Is fully expanded. There 13 evidence of some localised pi 
thickening and also of some parenchymal clouding 
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■j un,att.d with 'aline solution, a thonmotonn tulle was inserted in a depmdtnt position 
— 1 ll< the-t will wound was ilo-id in laatr-. s lx dns following admission, it tin time 
f li cvaiuitmn tin p itn nt was i-\ mptomatn and the lung was fulh re i \panded (Fi„ 
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This is a ease with intiapleural metallic foreign body The patient was 
submitted to a modified thoiacotomy 


Case S —H L. S, a 21 year old American sergeant, was wounded bj a hand grenade 
wbicli exploded in his right hand He was admitted 6 and one-half hours following the mjur\ 
in shock, acute respiratory distress, a bleeding and sucking wound of the right anterior 
chest, avulsion of the right hand, and shell fragment wound of the jaw The sucking, bleed 
ing wound measured about 2^ by 1% inches and was located at the anterior end of the first 
nb X ray view (Fig 15) showed massive hemothorax on the right, and fracture of the 
third anterior nb at the midaxillnry line The patient received 1,500 c c of blood before he 
was taken to the operating room. Under general endotracheal anesthesia an open thoracotom' 
was performed with antenor approach A “Y” shaped fracture of the liverlihe upper lobe 
was found almost completely dividing the lower half of the anterior and postenor segment! 
of the upper lobe in an anteroposterior and lateral direction The torn lung surfaces were 
bleed mg profusely One metallic foreign body was removed from the lung The bleeding 

points wore controlled with 000 silk ligatures The ddbnded lung surfaces were approximated 
with 00 chromic catgut mattress sutures with the incorporation of eight Gclfoam strip* 
The \isceral pleura in the area of the tear was also approximated The pleural space was 
evacuated and irrigated, two thoracotomj tubes were inserted into the right chest cantv, 
and the wound was closed in lajers The sucking wound of the anterior chest wall was ^ 
bnded and closed, assuring full lung re-expansion at the conclusion of the procedure 
a circular amputation of the nght raid forearm was performed At the time of the paticn s 
evacuation eight dajs following admission, the lung was re-expanded with the exception o 
a small antenor upper lung field pocket of fluid (Fig 16) from which 40 c c serous u 
was aspirated. According to a follow up report, two months later, both lung fields appea 
to be normal on x raj examination 

In this case, active intiaplemal bleeding uas the indication for foimal 


thoi acotomy 

Case 9—W R, a 23 year old Amencan prnate, wounded himself accidental!' wink 
cleaning Ins rifle He sustained perforating bullet wounds of the right chest ie l» a ' 
was admitted in shock two hours after the injury The entrance wound was at t ie cos 
dral junction of the third and fourth antenor nbs, and the exit wound just ou sii e ^ 
scapula, at about the level of the fourth postenor nb Roentgenogram showc 
hemothorax on the nght (Fig 17) Aspiration revealed S20 cc of blood, and ed 

day, with no appreciable change in the appearance of the nght lung field He 
2,500 cc of blood during the penod of obsenation His general condition improve s 
what though the blood pressuro remained 90/70 It was felt that we were e n ° , 

intrapleural bleedmg An open tliorncotomj was performed through a poster ^ 

proach The lower part of the antenor and postenor segment of the upper loDo ' ^ 

ersed hj the bullet tract from wluch oozing of bright red blood was note dirt 

of the bullet tract a cartilage about 1 by 1 em m diameter was found in a " ind 
Near the lower margin of the entrance wound the internal mammary artery w > ^ 

found to he spurting into the pleural space The bleeding internal mammarj 
ligated The lung wound was debnded, irngated with normal saline solution, an P , 
with 00 chromic catgut interrupted mattress sutures Two throacotonij tubes w ^ 

into the pleural space, and the operative wound was closed in lajers The entrant 
wounds were ddbnded and closed up to skin level The patient made an uneventl ^ 

and ten days following surgerj, ho was evacuated in an asymptomatic condition. ^ 

was healed and the lung was fully re extended, showing onlj parenchymal cloud! g 
site of the d.5bnded and sutured lung wound (Fig IS) 

Intrapleural active bleeding was the indication for open thoracotomy lU 
this case 
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Case 10 — \ D, a 20 i ear old Ameman sergeant, had sustained perforating missile 
j i_j i relie hours beiore admittance The bullei entered at the left side or the neck and 
•aier ed the mediastinum, right chest, and nght upper arm. He was m marked respiratory 
„ t and had extensive subcutaneous emphysema ox the neck above the sternum and nght 
'•> jt the chest wall He appeared to be monbund. The entrance wound (N, cm. m diameter) 
try ! ated at about the mtd part and just postenor to the sternocleidomastoideus muscle on 
t-e 1 ft i \ the exit wound, about 2 bv 1 inches m diameter, was at the postenor Mirraee 
ft'-* n.,ht upper arm. An \ ra\ view -howcd hemopneumothorax and xracture ol the third 
-- air nb on the nght (.Fig 19) Open thorai-otomv was performed with antenor ap 
, - a thruu.h the third intercostal space, tolloweJ bv exploration ox the lext side of the 
anl tracheotomv The bullet entered the lert side ox the neck, pexxorated the leit lobe 
i the thvrotd gland, tore an area nenrlv 5 mm. m diameter on the anterior wall ox the 
< rr-i-a! trachea, perforated the upper mediastinum and the upper lobe ox the right lung 
lectin. 1 Pe third antenor nb, changed its direction through the axilla, and perxorated the 
n„ii upper arm, leaving it, over its postenor surface At the time the mediastinal pleura 
1J Oicced a considerable amount of air was escaping from the upper mediastinum. Its 


n. un wen caretullv inspected and nvo large Penro-e drains were placed into the medias 
the t nds of which later were brought out through the neck. The perxomting wounds 
' t'c U[pcr lobe were debrided, the 2 inch long tract was cleansed with saline solution, the 
r “ c an 1 cut wounds wen closed with 00 chromic catgut sutures alter two strips of 
Cilfcara wen placed mto the bullet tract The irregular ends of the fractured third nb wen 
’ h TU pleural .pace was lrngated, two thoracotomv tubes were placed mto the pleural 
*“ 31 1 tl c chest wall wound was closed in laiers The left side or the neck was explored 

an incision anterior to the sternocleidomastoideus muscle the mils of the Penrose 
ra-*s jlaied mto the upper mediastinum through the chest were brought out through the 
- c " anl. The tear ot the anterior wall of the unnal traihca was debrided and through 
1 *ah mund of the anterior -uri-ice ot the neck it was used ror tracheotome The neck 


* 1 " M * B wU approximated aud the entrance and exit wounds of the bullet Were do- 
tr *1 Tin [aticnt Ind considerable respiratori difluulti dunng the nrst two dais after 
' *1 min n though the lung was xulli re expanded at this time \s soon as the air escape 
' 3 1 n i ha. tinuui le'>cned, anoxemia ca cd and the color ot the patient improved con 
c si h s ix ,] JVs tollowin^ opcrition, he was di-charged m excellent general condition 
' ll t •* Jim., fulh re-expanded (Fig 20) the wounds were clean and henhn,. and tile traclie- 
fuaitiu^ L d properh 




450 


THE JOURNAL OF THORACIC SURGER1 


patient was evacuated for drainage of the right subdiuphragmatic space The lung fiild 
remained clear, except for the compression caused b) the elevation of the right diaphragm. 
Subsequently the subdiaphragmatic space was evacuated with uneventful postoperative count 


Hb la—Hemopneumo thorax on the rlbht anil fracture of tin third anUrJor rib. 

Mb -0—The right lunb Is full> expanded jj , 

Hb .1—Left hemothorax with one metallic foreign bod} abo\c and two below 

phrujjm retain^ 

Fit* —The Iun£ Is fu!l> expanded and shows no other abnormalities than a 

metallic foreign body 
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lung was allowed to re evpand fullv On the third postoperative day tlie thonieotoin) tubes 
were removed X ray examination (Fig 22) on the fifth postoperative day showed full) 
expanded well aerated lung fields on both sides though the general condition was poor The 
abdomen was distended, bowel sounds could not be heard, and the urinary output was in 
adequate The clinical picture was of adynamic ileus and uremia of which the patient died 
on the sixth postoperative day 


Tins ease represents a thoracoabdominal injury with diaphragmatic tear, 
handled by lapaiotomy and closure of the diaphiagm fiom the abdominal side 


Case 13—C L H, a 19)ear old American private first class, was admitted twenty 
eight and one half hours after he was wounded He sustained perforating thoracoabdominal 
wounds At the time of admission ho had marked dyspnea, hemoptysis, left chest pain, and 
marked distention of the abdomen (Fig 23) The bowel sounds could not be heard The 
entrance wound was located at the level of the fourth nb at the anterior axillary line on the 
left side and measured about cm in diameter, the exit wound was located at the right 
flank and measured 4% by 2 cm in diameter X ray pictures of the chest showed no 
evidence of gross injury of the lung A laparotomy was performed through a left midrcctus 
incision In order to expose the cardiac end of the stomach and rotrocardmc space the 
incision was extended upward and the seventh, sixth, fifth, and fourth cartilages were di'ided 
making the procedure an abdominothoracic one The findings were ns follows perforating 
wounds of the left lower lobe w ith an egg sized hematoma of the antoromesial basal segment 
of the left lobe, a perforation about $£ cm in diameter of the left leaf of the diaphragm, 
near to the cardiac end of the stomach, an egg sized hematoma at about, and posterior to, 
the cardiac end of the stomach and lower end of the esophagus, a retroperitoneal hematoma 
extending from the level of the cardia to the bifurcation of the abdominal aorta, behind the 
left colon and duodenum, extensive laceration of the lower lialf of the right kidney, con 
siderable distention of the entire intestinal tract, left hemothorax, and large liemopentoneum. 
The left pleural space was evacuated, the lung wounds were cleansed with salmo solution 
The lower retroesophageal and retrocardiae space was explored, the hematoma was evacuated 
The retroesophageal space extending to the common iliac artery, and bclund the right colon 
and duodenum, was inspected A right nephrectomy was performed and the entire intestinal 
tract surveyed The chest wound was closed in layers A thoracotomy tube was plncctl 
into the left pleural space in a dependent position A Penrose drain wus placed into the 
right renal bed and brought out through a stab wound at the right flank The abdomina 
wound was closed with through and through wire sutures The entrance and exit wounds 
were dfbnded. The patient made an uneventful recovery X ray pictures taken two da)S 
before evacuation on the sixth postoperative day r showed the lung well expanded with no 
gross abnormalities visible Follow up report m one month revealed a continued uneven 
course The wound healed well, the costal arch was firm, and the patient was reported to 
asymptomatic 

This case represents one of the indications foi abdominothoracic explora 

tion 


Case 14—F H, a 27 year old American sergeant, was wounded eleven hours prior 0 
admission He sustained a shrapnel wound of the right flank His general condition was 
fairly good. There was a wound 4 by 4 inches in diameter, at the right flank The ubuome 
was tender all over with rigidity present The urine was red X ray new of tho chest «howi 
some clouding of tho periphery of tho right lung field with a large metalbc foreign 
retamed vntlun the upper part of the chest (Fig 24) A laparotomy was performed t ^ iruu jJ 
a right rectus incision A one inch laceration of the undersurface of the right lobe 0 
liver and contusion of the right kidney were found m addition to moderate umount of otM 
m tho peritoneal cavity The right kidney and ureter were explored and the intestinal trac 
was surveyed One Penrose dram was placed to the livor laceration and one to tho kitlnij 
capsule, both were brought out at tho right flank. Tho operative wound was dosed wi 1 
through and through wire sutures The entrance wound was debnded An incision wa3 
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ra/U, extending about o inclies upward, exposing the tract of the shell fragment, and the 
> nuniauted, fractured twelfth, eleventh, and tenth nbs with a tear of the panetal pleura at 
.1 at tht costophrcmc sinus Bv the time this wound was cleansed, and loose bony particles 


Fig 21 


Flff 25. 
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and torn soft tissues were excised, the torn kidney capsule was m view and tin. cheat wall 
opening was large enough to insert the surgeon’s hand and a metallic foreign bod\ about 2 In 
54 by % inches was removed from the right pleural space The metallic foreign body was stuck 
on the outer surface of the right upper lobe The pleural space was irrigated, two thorn 
cotomy tubes were inserted in dependent positions, and the chest nail defect was closed b\ 
approximating the overlying soft tissues m layers The patient made an uneventful recoun 
Seven davs later x. ray pictures (Fig 25) showed complete lung re expansion with only 
localized pleural thickening present 

This case falls into the group of modified thoiacoabdominal exploiations. 

C\SE 15—B L S, a 22 year old Araentau corporal, was admitted twehe and one half 
hours after lie was wounded Ho sustained penetrating shell fragment wounds of the lift 
forehead, left elbow, and upper abdomen There was an entrance wound about 3 In 1 uu 
in diameter at about the seventh rib and midaxillary' line on the left side The abdomen was 
tender to palpation and rigid Posteroantcnor and lateral x ray pictures of the chest showed 
an irregular metallic foreign body' near or at about the heart shudow (Figs 26 and 27) k 
laparotomy was performed through left paramedian incision A tangential laceration about 
1% inches long of the dome of the left diaphragm and a bleeding laceration about 2 inches 
long and 1 inch deep of the upper surface of the left lobe of the liver were found The liter 
laceration was controlled by No 1 chromic catgut mattress sutures, the hemoperitoncuni was 
evacuated, and all the abdominal organs were inspected Through the diaphragmatic tear it 
was not possible to palpate the metallic foreign body and since it was suspected to lie near 
or at about the heart, the laparotomy incision was extended upward, the seventh, sixth, fifth, 
and fourth cartilages wero divided, and the operative wound continued in tho fourth inter 
costal space up to tho midaxillary line With the help of a self retaining retractor an ix 
cellent exposure of the heart was obtained At about the apex a hematoma of the pen 
eardtum was found The pericardium was opened and clotted blood was evacuated from the 
pericardial cavity A perforation of the right ventricle about 2 cm long and Vi cm ""h 
was found This wound was located near the septum in tho neighborhood of the apex 
While the patient received intravenous procaine and procaine was applied topicnllv, through 
and through doubled 00000 braided silk sutures were placed into tile heart muscle, traversing 
the laceration The operator’s left index finger was inserted into the right ventricle through 
the laceration, and the metallic foreign body was palpated and brought down to tho area of the 
laceration It could bo removed only with an extension of the laceration about cm ' f,( r 
the metallic foreign body was extracted, the previously placed silk sutures wero tied During 
this procedure very little blood was lost In about two or three minutes after the procedure 
was completed, tho heart contractions slowed down nnd the ventricular contractions bciinn 
weak and irregular Cardiac massage was started immediately with resulting good^ heart 



cardiac massage was resumed with the same result This vicious circle existed for two hours 
and forty five minutes, when cardiac mnssngc resulted only in incoordinutcd muscle filar 
contractions followed bv complete cessation of the heart action 

This case lepiesents one of the indications foi abdonunothoiacic explota 

tion 

DISCUSSION 

In the management of these patients well tested conscivutive pixneipics 
wete applied The value of repeated needle aspnation ot hemotlioifik am 
hemopeneumothorax is well established " 9 In addition, some changes m ^ 1C 
indications tor suigical mtciventions and some modifications ot the methods ot 
treatment of similai wounds dunng Woild War II wcie made 
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The dcbndement and closuie ot sucking wounds ot the chest and aspira- 
tiun oi the pleural space thiough the debnded wounds undei general endo¬ 
tracheal anesthesia Mere lound to be verv eftectne Onh a lew ot the patients 
treated bv tins method needed subsequent needle aspirations The value of 
thu procedure eeas emphasized be Srnder' in 1945 The asstirance ot complete 
evacuation ot the pleural space and lull lung re-e\pansion at the time of the 
round closure explains the good results 

The indications for open thoiacotoim weie lev. se\enteen in number, 
representing 12 9 pet cent of all the chest injuiies In nine ot them the chest 
Mas entered through an elective antenoi incision (Diagram 1 -4, B, C, and D) 
The idea ot this technique was developed iiom an approach trequeuth used 
lor elective lung resection* The magnitude ot the thoucotomv was cousidei 
able lessened when the antenoi appioach was used Thus piovecl to be the 
quickest method ot enteimg the chest The exposuie was adequate and the 
mumls healed well This was substantiated bv tollow-up lepoits 

l’erioration oi the diaphragm oi the anatomic likelihood ot such was not 
lound to he an indication tor toimal thoiacotomv These patients weie submitted 
to lap irotomv and the diaphragmatic teai was closed Horn below as described 
prcviouslv The likelihood ot missing mtia abdominal in tunes it the exp'ora- 
t|,m L s done through the chest is gieat A tlioiough inspection ot the liitra- 
alxlimunil structures m such eases must he tamed out This cannot be ae 
lomplished as well thiough a tlioiaiotonn wound as thiough a lapirotomv m- 
11 uu b even it the thoiacotonn incision is placed low and the diaphragm is 

divided 


The indications lot exploring the chest as well as the ibdomen m thorato- 
abdomin il injuiies are limited Among the tlintv six thoiaioabdommal m 
J"ru-, r» jMirtcd here, this w is acioniplislud in thirteen or 3t> jici cent ot the 
'-is In credit oi these patients the antuior ahdonunotlior kk approach 
l'n vioireh dcs< rihcd was used ( Diagram 2, 1 , Ii, ( , and I)) This was a comlmia 
1,1 a lipirotoinv with onh the veitical pait oi the entile interim thora 
"tuun illusion which com cited the tlioruu md ihdomin il cavitv into i 
s /..Ic "jantivc licld ind give m excellent exposure It provided e lsv at 
'* I' lr >s oi tin. lhdoinin d e ivitv vvhnli touhl not he g lined bv separate 
M , r“.ul,ts to tire chest and nxioiiren It proved to Ire tlie quukest wav to 
I' t diduuren mil tire chest The pitient umaiired on las luck throiigh- 
1 ’ 1 pimtsiurc, vvlinh is the le ist dixtuibinz position trom the pbvsiologre 
* “ ^ ”i mu Tlx wounds lie lied will aid the eostd a<!i bet aire linn and 
rills W is Mills! minted l>v loltou uprepoits 

iu ’ > ot u ute am railin', stub is w ir injuries tin proposed aiteiioi 

r -'' d loiniiul illusions v\<_n loimd to Ire must sitisintorv in miitrast to 
jj ' thorn o iImIoiiiui il ippronhes oi Ilarpii 11 (tirlotk 1 * ( lrter 1 ' 

1 ,r > s“ m,l .,t| ut s, w hu It win proposi.l prim irilv lor ilutira, .omii 
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SUMMARY 

An analysis of 163 tkoiacie and thoi acoabdominal injuiies handled at a 
Mobile Army Surgical Hospital in Korea was presented Twelve of these 
patients died, representing a mortality of 7 3 per cent 

Indications foi surgical intei vention were enumerated and the methods of 
tieatment described 

A conservative attitude in the treatment of most of the chest injuries was 
emphasized 

The advantages of lapaiotonvy m eontiast to thoiaeotomy in the manage 
ment of some of the thoi acoabdominal injuries weie stressed 

An antenoi approach for thoiaeotomy and an appioach foi anteiior ah 
donunothoiacic exploration were piesented 


Acknowledgments—I wish to express my appreciation to my tentmates, Captains 
Robert E Wells, Robert P Wendland, and William A. Sullivan, and First Lieutenants John 
\\ Colavmcenzo and Theodore J Stone for their proofreading and advice in formulating 
this paper, to Captain Albert Starr for his able surgical assistance and postoperative manage¬ 
ment of the cases reported, to Colonel Richard P Mason and Lieutenant Colonel Arthur 
Steer of the 406th Medical General Laboratory, Tokyo, for their kind cooperation in prond 
ing the photographic service 


v / 5 

a 

v / 5 


7 

S 

9 



14 


REFERENCES 


Mackler, S A Experiences With Thoracic and Thoracoabdominal Wounds m an Eiacu 
ation Hospital, J Thoracic Surg 16 538,1947 
Tuckwell, E G The Thoracoabdominal Wound Some Observations on 20 Personal 
Cases, Bnt J Surg 36 197, 1947 

Woodruff, W Chest Injuries, New York State J Med 48 1142, 1948 
Blackburn, G, and d’Abreu, A. L Thoracoabdominal AVounds m War, Brit J burg 
33 152, 1945 , „ r , 

Snyder, Howard E The Management of Intrathoracic nml Thoracoabdominal Wounds 
in the Combgt Zone, Ann Surg 122 333, 1945 
Walsh, Wm E, and Stubenbord, John G Penetrating Wounds of the Chest, Am. J 
Surg 80 176, 1950 

Rosemond, George P, Burnett, W Emorj, and Hall, John U Thoracic Injuries, 
Ptnnsjlvaiua M J 63 720, 1950 . 

Rogers, W L, and Holman, E Penetrating "Wounds of the Chest in the Pacihc Area. 

An Analysis of 180 Cases, Ann Surg 124 1076, 1946 . 

Samson, Paul C, Burford, Thomas H, Brewer, Lyman A, and Burbank, Benjamin Ine 
Management of War Wounds of the Chest in a Base Center, J Thoracic Surq 


1, 1940 

Thompson, Samuel Alcott Personal communication 

Harper, Fred H Thoracicoabdominal Approach to the Upper Abdomen, Surg, Oynec 
A Obst 84 331, 1947 . „ , „ ml 

Garlock, John H Combined Abdominothoracic Approach for Carcinoma of Cnruin auu 
Lower Esophagus, Surg, Gy nee A Obst 83 737, 1940 , 

Carter, B N The combined Thoracicoabdominal Approach with Particular Kclerenc 
to Its Employment in Splenectomy, Surg, Gynec L Obst 84 1019, 1947 
Humphreys, G H H Cited by Carter 13 



MANAGEMENT OF AVAR WOUNDS OF THE CHEST 0 
if won A It VAlle, Medic vl Corps, Army of the United Stvtes 


A LTHOUGH the initial moitalitv OI thoiauc Mounds sustained in combat 
is relatively high, the estimated delayed mortality cxpeilenccd in the 
Korean conflict has been lower than that lcported during the last two wais 
m which the United States has been involved AVe have piofited Horn the ex¬ 
periences of the physicians who seivcd in the last war, and thus have a more 
complete understanding ot ehest physiology as 1 elated to derangements re¬ 
sulting irom wai wounds and gieatei knowledge of treatment ot primalv 
ami sccondarv shock 1 - 2 6 ’ 9 10 IJ A\ T e have new and more effective anti- 
hiutics, the Mobile Army Surgical Hospitals which give emcigency tieatment 
• ithm a lew miles of the front lines, and a moie lapid system ot medical 
evacuation, all which have done much toward decreasing the delayed deaths 
irom chest wounds Consequently, there has been grcatei oppoitunity ioi 
more definitive treatment of these patients with better final results 2 ' 

hi this piper we make no attempt to give any over-all statistics concern- 
mg \ ar wounds of the ehest dining this conflict, but only to analvze our c\ 
periciiccs with the 1,335 ehest casualties which were channeled through Tokyo 
nay Hospit il between the beginning ot the conflict and Januaiy, 1932 It 
W <mr understanding, howevei, that the mujontv oi the chest casualties vveic 
"it toTokvo Army Hospital 

Hie iverige chest cusinltv is seen first bv the company aid man who ap 
1‘i's an eineigeiiey diessmg and is then evacuated by litter bcarcis, jeep 
amau aiicc, or helicopter to i battalion aid station vvheic he may be given 
I - ma or whole blood tor lepl teement oi to combat shock Sedation is ad 
juustered judiciously 'the next step is movement to either a Mobile Army 
l ' ^ 0S I»it d or an evacuation hospital bv Jeep, ambulincc, or helicopter 
r c emergency surgery, such is elebiideineiit ind elosiue oi the wound, is 
^riormed by surgical tc inis Depending upon the piticiit’s condition, he 
^i «v«. on within lortv eight hours by ambulance, or bv nr to a field liospi 
i ( Jr /' ) i a 1,11111011 hospit il where ho in iv run nil lor two to eight divs I ol- 
" 1 u> I'e is traiLsicrred to a hospit il ship or, more ircquuitly, is flown 

t n t Cri * * l0 ‘’I ,lt ‘1 m »» It should be noted tint the sv stem ol evaeua 

p ‘-“ough to permit evuuition irom the Mobile Army Smgieal 

, I ' lr ’‘tlv to 0 uici d hospit ils so th it m Hiv pitunls irrivo m Jijj in 

II, lU ' r *'vuig w minded, I tribute to the svstem ol ur evuuition 

1,10,1 patients irnvt at Tokvo Armv Ib.spit d v ithin siv d iv sailer 
—_ undid s om L p itie nts w lio vve n iv united lbo ird hospit il ships re 
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quiied as long as thirty days en loute Ilowciei, then treatment during this 
time paialleled tieatment xendeied at the geneial hospital Dehmtne treat 
ment is adimmsteied in the geneial hospital, and the patient is leturned to 
duty 01 evacuated to the United States bj an, depending upon his condition 
and the evacuation policy in foice at the time The patients fioni other United 
Nations eountnes aie sent to their homelands 

In the early stages of the conflict, casualties could be hospitalized in 
Japan foi only thnty days, thus making definitne tieatment difficult to ascer 
tain in many eases Howevei, as the bed capacity in the theater increased, 
the period of hospitalization nas incieased to 120 days, thus making definitne 
tieatment ot chest wounds piactieal 

It is worth mentioning that Tokyo Aimy Hospital is a United Nations m 
stallation staffed by United States militaiy peisonnel Patients weie chieflv 
U S soldiers fiom all blanches of semee We also eared foi soldiers trom 
all parts ot the Butish Commonwealth, Tuikej, Gieece, Fiance, Belgium, 
Thailand, Philippine Islands, Ethiopia, Colombia, and Puerto Rico Most ot 
the foiegoing eountnes coutnbuted muses to the hospital staff, who also 
acted as inteipieteis Despite then help, consideiable language difficulties 
wrnie encounteied, thus complicating symptoms, diagnosis, and tieatment 

The eases in this study do not include those consisting of supeificial 
wmunds of the chest wall, but deal piimanly with wounds of the intiathoiacit 
visceia solely, oi in combination with wounds of the abdomen, nervous sjs 
tern, skeleton, etc 

Wai vmunds, as a lesult of missiles piopelled by explosives, may be clas 
sified as penetiating oi peifoiating types Penetiating wounds are those re 
suiting fiom entiance of a missile w r ith retention of that object as a foreign 
bodj legaldless of the size of the wound of entiance Theie is no wound of 
exit Penetiating wounds aie usually caused bj moitar fiie, aitilleiy fir e , 
hand gienades, land mines, small aims file, m that older of frequence Usu 
alp the moie seieie woimds aie ot this tvpe Peifoiating wounds result 
tiom the thiough-and-thiough passage of a missile with a wound ot entrance 
and a wound of exit Approximately 90 per cent of the peifoiating wounds 
aie caused by small aims the, and the lemnimng 10 pei cent bj moitar and 
artilleiy the, hand gienades, and land mines In oui senes of cases, 1,00(, 
oi 66 pei cent, of the wounds weie of the penetiating type, 485, oi 32 per cent, 
weie of the peifoiating type, and 42, oi 2 pei cent, weie lesults of crushing 
injuries 

The lestoiation of noimal lespuatoiy and cnculatoiy phjsiologj is tie 
piinie tactoi in the management and tieatment of thoiacic wounds 

On admission to his hospital, each patient was screened bj a medica 
officei, and all those lequinng emeigencj tieatment weie seen immediate)! 
bj the thoiacic suigeon on duty who rendeied the necessary treatment 
Roentgenograms were taken immediately, when indicated All patients ha 
blood counts, uunaljses, and uptight chest loentgenogiams Thej routineh 
i evened 300,000 umts ot penicillin twice daih, and, if indicated, Vi 01 
streptomycin was administered wnth the same frequency Patients " erc 
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pLctd in beds with the head elecated to a 45-degree angle and were en- 
tuuraged to cough xrequentlv Sedation was kept at a minimum and, for 
‘•wre pain, demerol was gnen in doses oi 50 to 100 mg ecery tour hours 
In (.a-.Cs which had pamrul rib tractures intercostal nerce blocks with 2 per 
ccit procaine hvdrochlonde anesthesia were done 
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HEMOTHORAX 

The most frequent complication of uitiathoiacic wounds is hemothorax 
with 01 without associated pneumothorax This mtiapleuial blood ma\ re 
mam flmd ox coagulate and begin to oigamze It lemams stenle, as a rule, 
but m some instances becomes infected Of the total numbei of patients m 
oui senes, 952, or 62 pei cent, had hemothoiaces, either on admission oi thei 
developed them within the hist two weeks aftei admission Of this number, 
704, oi 74 pei cent, lemained stenle, and 248, oi 26 pei cent, became mieited 

The policy heie is to tieat hemothorax by simple thoiacentesis without 
an leplacement Localization of the fluid is impoitant, since it maj lie an 
tenoily, Iateially, oi postenoily Howevei, it has been the expeiience at 
this hospital that it usually lies postenoily Aspiiation is done with the pa 
tient in a sitting position, if his condition pei nuts, undei 2 pei cent piocaine 
hydiochlonde local anesthesia The skin is piepaied with ethei and tincture 
of meithiolate, and a skm wheal is laised ovei the most dependent 
poition of the fluid-filled space The undei lying muscles and pleuin aie m 
filtiated with piocaine and a thiee-mch, 13- to 17-gauge needle with a slioit 
bevel is introduced To this is attached a three-way stopcock and a 30 ei 
synnge As much fluid as possible is lemoved, and the piocedme is lepeated 
every twenty-foul horn's until no flmd is obtained and the chest appeals clear 
to physical aud loentgenogiaphie examination Following temoval of the 
fluid, 300,000 units of ciystalline penicillin m 2 c c of saline is instilled 
Specimens of the fluid lemoved aie sent to the laboiatoiy foi culture aud 
antibiotic sensitivity tests as indicated The antibiotic of choice is admiuis 
teied systenucally and mtiapleuially, if infection is piesent, depending upon 
the niannei in which the diug can be admnnsteied Penicillin, stieptoinjun, 
teiiamycin, aureomycin, and Chloiomycetm have been utilized 

Of the 952 patients with hemothoraces, 895, oi 94 pei cent, weie tieutcd 
with thoiacenteses The leiuaming 57 patients had minimal amounts of fluid 
which absoibed spontaneously An aveiage of 3 5 thoiacenteses weie pei 
foimed on each patient, foi a total of 3,082 thoiacenteses Seieral patients 
lequued only one aspiiation, and one had twenty -five thoiacenteses and 
ultimately lequued decoitication 

Seven hundied fifty-fiie, oi 79 pei cent, of the patients with hemothorax 
completely lecoveied aftei bemg treated by thoiacentesis and antibiotics 
alone Six hundied fifty, oi 68 pei cent, weie letuined to duti One 
hunched fixe patients xxeie evacuated to the Zone of Intenoi because of other 
Mounds, such as abdominal wounds, colostomies, central oi puipheial ner\e 
nijunes, oithopedic mjuiies, etc , even though the} weie consideied rccoxcied 
as fai as then chests weie concerned Foitj-fixe patients had infected hemo 
thoraces which weie drained as a temporalj piocedme so the patients could 
be safel} exacuated 

AT my patients had clotted hemothoiaces on admission to the hospital 
or within two days of being wounded Apparently from a renew ot these 
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patient* rceoiiLs, the hcmothoia\ clotted within a tew hours attei wounding, 
because at no time was am fluid obtained bv aspnation In othei patients, 
iht hemothorax oigani/ed giadualh, taking tiom thiee to io\u thus to two 
weeks 


Decortication is the established method oi tieatnient ±01 these patients 
with dotted oi oiganized hemothoiaces" 11 13 14 1S The hist decoitieations 
acre repotted by Fowlei in 1893° and Delorme in 1S94 * The pioeeduie was 
revived during Woild Wai II, with good lesults b> Samson and Bniioid and 
othirs With the ad\cnt of penicillin e\en bettei lesults were obtained, and 
euiisc<|uintl\ munj patients who would hare been pulmonary nipples weie 
n stored to normal life 


la shoit, at this hospital the opeiation consists ot a thoiaeotomv thiough 
i pastuolateial incision nndci endotiaeheal gas owgen-ethei anesthesia lol- 
iiiif pintothjl induction A nh, usunlh the sixth oi seventh, is lesected, 
and i pl.uic ot cleat age is developed in the endothoiauc fascia As much 
thickened palletal pleura as possible is i emoted tiom the chest wall and 
'htphrugm and all dot, debus and slough aie evacuated tiom the thoiacic 
tmti The tluekencd coitcx smioundtng the collapsed lung is mnoved 
Ihc lung is re expanded h> positive piessuie and am jiaiencliMiiul teais 
an repured Foreign bodies, if piesent, maj be umured dining the opeia- 
111,11 Two intereostal tubes ate mtioduced, one at the level of the fourth intei- 
M'a'e in the anterioi axillnrv line, and the othei in the eighth interspace in 
tla tuul ixillui i line W\ Use huge stiff-walled light angle tubes which ate 
duelled to continuous low picssuic suction Iloentgonogianis aie t.iken daih 
lur l "-xt tom to fwe divs The tubes aie lemored witlnn loitv eight to 
M '• ut' two hours 


I’ostoperilnel>, the jiaticnts aie iinouiagod to cough fieijumth uid 
in n deep lueuthing exercises Appioxinntch Inc dins lltci suiguv, 
111 Indents begin using a blow bottle ” We use tin icgutntion wutuscul 
’ r ‘ l,lll -‘ hottle Idled tluee-toui ths lull with wntei The p limits inspue 
’ u l'b uni blow tin expiicd ill thiough the w itci in the bottle Vbout ten 
1 uis pustoper Wisely, the patients ne g ithcud togctlut toi tcn minutes c\i n 
" Mlr llH * tr o ginn deep Inc itlnng c x» ri isi s lhe\ ,in nestructed how to 
j fl ‘*1" 111,,rL dccplc with the die did lung tli m with tin niultutid om 
11 K lu.Ve tins, tile pituuts nc shown how to pi in then hinds o\ei ih c 
‘j ,,n " r low.r dust uid In. at lie ig mist tin ir li mds In this wav tluv tlnm- 
j ,s ' 111 1( d tli it tin norm il side txpimls mine than tin iitjliml one 
( ,r, '“ ll ‘ior. tluv ire gn.u an .xinisi which . niscs on. side m the dust 
, 'M'ud more thin tin other '1 lie mu ot tin ilUctid suit ls riis.<l lhuve 
I'd utd tin whole hodv is hi nt tow trd tin niiilie.Mil sid. duriti_r m- 
* lf anon IJurut„ e xpu .turn, tin urn is lowcml uid tin hodv | S returned 

‘ '■‘"il iinling position 

w. net 111 it tin import III. I Olth.si exelels. s e uiUot hi ov i r« nijfli isl/i i J 

' lm ! ort nit uds in tin idi ilolit itn.ii m dmirtn ltion pitnnis uid 
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1 l‘ ,J t Him jthowlui, n lari c left dlupln n^inalli hernia ucoompmo Inc perforating wound of tin client It, kaloiul film of huiiiu 

Patient C Km nt>e nocrnin taken after icjuili of hernia 
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for that mattei, any patient who has had a thoiacotomj They help return 
the diaphragm, and inteicostal muscles to noimal function and mniimize the 
foimation of adhesions m the costophieme angle 

One hundied fifty-two decoitications weie peifoimed, without a death, 
on patients with both infected and nomntected organized hemothoraces Oi 
these, 116, or 76 pei cent, weie infected and 36, oi 24 per cent, were nonin 
feeted Tw r enty patients in this gioup had thoiaeotomies of one Lind or an 
othei perfoimed in Korea and eight had decoitications, which had been done 
pnoi to admission to oui hospital Of these, 134, or 88 pei cent, w r ere con 
sideied as having good lesults, and weie letuined to duty Of the lemammg 
IS patients, 10, oi 6 5 per cent, were considered to have fan lesults, and were 
returned to limited duty, and 8, oi 5 5 pei cent, weie considered as having 
poor lesults 

Aftei pei forming this opeiation at intervals of one week to eight weeks 
follow mg mjuiy, it was decided that the optimum time foi deeoitication is 
within thiee to five weeks of mjuiy In those opeiations peifoimed early 
the bleeding was much moie seveie, theie was moie edema, and foteign hod 
les, if present, weie moie difficult to locate 

It is woith mentioning that 92 pei cent of the patients who needed de 
cortication had closed mteicostal diamage tubes mseited in Koiea Their 
tubes had been kept in place foi fiom two to eight days before the patient's 
admission to tins hospital Not mfiequently the patients ailived at this hos 
pita! w ith the drainage bottles plaeed between then legs, oi resting on their 
chests Not always were they piopeily clamped off Due to the negative 
pressure inside the chest, the fluid fiom the bottles was often sucked back 
into the chest and was anothei source of contamination 

It is our feeling that the best eaily tieatment foi hemothorax is thoru 
centesis As has been stated, those patients who had mteicostal tubes in 
serted in Korea made up 92 per cent of those who lequned deeoitication In 
such cases, subsequent aspnation was moie difficult and the incidence of m 
feetion was much greater 

IVe used streptokinase and streptodomase, as desenbed by Tillet and 
Sheiiy, 13 15 10 in 18 patients with hemothoiax One-half of these had in 
feeted hemothoraces, and the other half noninfected hemothoiaces The 
internal between the time of mjuiy and the time the dings were administers 
■varied from toui dajs to two weeks Appioximately 200,000 units ol SE an 
60,000 units of SD in 10 e c of distilled watei weie injected into the hemo 
thorax Eight to ten hours latei the liquid poition of the hemothoiax w.u> 
aspnated and moie streptokinase and stieptodoinase injected this l ,r0 
cedure was cained out foi fiom torn to ten davs, depending upon the m 
dividual case The drugs weie injected at vaned sites postenoilj, latera v, 
and anterioilj, and at different mteicostal levels All ot our patients ex^ 
perieuced toxic svmptoms, such as high tempeiature, up to 105° I , S eIK 
aches and pains, and occasional vomiting Daily chest loentgenogrjms gc'J 
erally tailed to show anv marked chuure except in one case In this patief . 
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while the drugs dissolved some of the adhesions and the lung partiall) col 
lapsed, they failed to dissolve the thickened pleuia In view of the results 
obtained, the use of these drugs was discontinued 

One death occurred m this gioup of patients with hemothorax A pa 
tient with an empyema died of pulmonary embolism 

FOREIGN BODIES 

As is well known, during war chest suigery, numerous foreign bodies 
are encountered m the chest wall, the pleural space, m the lung parenchjma, 
or mediastinum Most of these are a result of penetratmg wounds In this 
hospital only those foreign bodies which exceeded 1 5 centimeters are re 
moved, unless, of course, they are in such a location as to be legarded as 
dangeious to the patient or give rise to some pathologic change within the 
chest Smaller foreign bodies in the region of the heait and great vessels 
and in the pulmonaiy parenchyma aie observed carefully by repeated roent 
genographie and electrocardiographic examinations foi at least one month 
If there is no evidence of leaction about the object, and the patient’s condi 
tion is satisfactory, these foieign bodies are not disturbed Persistence or 
development of leaction about the missile mdicates the need foi exploration 
and lemoval 

Of our patients, 104 had letained foieign bodies Thirty eight were m 
the chest wall accompanied by intrathoracic damage and rib fiactuies Thirty 
five were in the lung parenchyma, and thirty-one weie in the pleural space 
and were lemoved at decortication Eighty-five pel cent of the metallic 
foreign bodies were shell fragments which varied in size from 1 cm to 8 cm 
in diameter Most of these weie lnegular in shape with ragged edges The 
remaining 15 per cent were bullets of different calibei The incidence of in 
fection when the foieign body was a shell fragment was quite high, being 
from 60 to 70 per cent When the foieign body was a bullet, the incidence o 
infection was about 10 per cent 

The thirty-eight foreign bodies located in the chest wall, ivhieh are 
mentioned here, weie those cases in which the foieign body was so locate a 
to require thoracotomy for lemoval We removed numerous metallic foreign 
bodies moie supeificially situated in the chest wall by simple procedures, ai 
do not have figuies concerning these All of the patients in this group 
turned to duty 

The removal of intiathoracic foieign bodies is accomplished bj op^ 
thoracotomy through a posterolateial incision with resection of a rib - ^ 

cision is made in the lung suiface neaiest to the object and the nnssi 
lemoved Infected lung tissue is lemoced by wedge oi segmental resec i 
Twenty of these patients had partial lobectomies All 35 of them returue 
duty 

Thnty-one foieign bodies weie lemoced at the time of decortica _ 
Twelve of these also suffered some damage to the lung parenchyma an ncci 
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partial resections at the same time All of these patients returned to lull 
dutr The toreign bodies lemoYed from the pleural cavity consisted not only 
cn shell iragments and bullets, but pieces of clothing, fountain pens, and m 
one case an olne 

Ot the 37 patients admitted to this hospital who had thoracotomies per- 
lonned in forward areas, 23 were thoracotomized apparently solely for the 
remo'al oi a foreign bode Although the patients ultimately reco\ered, we 
considered 35 per cent of them to ha\e a poor result because recoYerv teas 
llower and the amount of fibrosis present teas greater, thus diminishing pul- 
monan iunction Eight of these patients de\eloped empyema 

In our series, the 73 patients who were thoiaeotomized solely loi the 
rcuiu\al oi a loreign body all teeotered uiie\enttulh and returned to dutY 



inj, decortication 

11 yuw ui the '-.'Odd results obt lined b\ ln\ mg tlu lorciun body n at 
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The cases with pericardial effusion had very small metallic foreign bod 
les in or about the pericardium The effusion usually developed suddenly 
sometimes one to six weeks after injury, at which tune the patient experienced 
seiere piecaidial pain, use in temperature, tachycardia and shoitness 01 
bieath The heait shadow was enlarged on loentgenogiam and the electro 
eaidiogiam showed pencardial changes These patients w r eie obseived \ery 
carefully wuth frequent roentgenograms, electrocaidiograplis, and phisical 
examinations ATost of these patients had peiicaickoeenteses Some required 
only one and some as many as ten In most of these eases pyogenic organisms 
weie obtained from culture of the fluid lemoved at the first 01 second aspira 
tion Sensitivity tests were done loutmely and the chemotheiapy of choice 
was admimsteied both systemically and locally Tieatment was continued 
until the loentgenogiaphie, physical, and electiocaidiogiaphic examinations 
weie noimal All of these patients reeoveied and weie eiacuated to the 
Zone of Intenoi 


Sixteen patients had foieign bodies in the mediastinum All ot these 
weie removed through a thoracotomy Foui patients had mediastinal abscesses 
about the foieign bodies These weie ddbnded and the abscess cavit} left 
open into the pleuial space which was drained in the loutine rnannei Ten of 
these patients returned to duty, and the lemaming six w'eie evacuated to the 
Zone of Intenoi 


Foui of these patients had bullets of vanous caliber in the myocardium 
In none of these cases did the bullet completely peiforate the heart wall The 
bullets weie lemoved through a left thoiacotomy Pnoi to lemoval, seieral 
U-shaped sutuies of heavy silk w r eie placed aiound the missile to contiol auj 
bleeding which might occui and to lemfoice the damaged heait wall Ihesc 
w ei e tightened and tied when the missile w r as 1 emoved All of these patients 
ieeo\ eied and w eie sent to the Zone of Intel 101 


Except foi the ten patients who went to duty in this command, all pa 
tients with heait, mediastinal, and pencaidial injmies w r ere sent to the Zone 
of Intel ioi for duty because it was not felt advisable to subject them to the 
ngois of combat duty 

One patient, who had a small metallic foieign bod} m the myocaidium, 
succumbed to eaidiac tamponade tw'elve horns aftei admission before opera 
tion could be perfoimed 

One thoiacotomy w r as peifoimed to lemoce a paitial dentine which "as 
lodged in the lowei thud of the esophagus The patient had swallowed 
when he was blown fiom his foxhole bj aitilleiy file lie made an uneienti 
ieco\erj and letuiued to dutj 

Another case ot mteiest is one in which a 22 cahbei bullet perioiated tbo 
lett uppei chest and supeiioi mediastinum and enteied the aoita The rife 
leg became gangienous twel\e dais aftei injury and was amputated upo n 
adnussion to this hospital The bullet was tound m the lowei thud ol t e 
leinoral alter} 
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tm ntM iio^rmn tnkui following ikrortluitlim 
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PNEUMONITIS AND \TELECT VS1S 

Two hundied sixty-one, or 17 pei cent, of oui patients had pneumonitis 
and/or atelectasis This is pumaiily a diagnosis lesultmg tiom clinical and 
loentgeuographie examination There is a deeiease in bieath sounds o\er 
the area of the lung involved with slight dullness to pei cussion Occasionally 
moist idles will be present Roentgenogram reveals an area of mcieased den 
sity, not conforming to any segmental pattern and indistinguishable from a 
patch of consolidation Theie was evidence of mti apai enchyinal hemorrhage, 
and invaiiably the centei of density represented the passage of a perfoiatmg 
missile, a retained foreign body, 01 lung undeilying fiactured libs Treat 
ment of this condition consisted of paienteral admimstiation of antibiotics, 
frequent coughing, and ambulation, if the patient’s geneial condition per 
nutted Retained foreign bodies were treated as has already been described 
In atelectasis, bronchoscopy has been the treatment of choice The pneu 
monitis geneially has cleared undei the above tieatment m within about three 
weeks 

PNEUMOTHORAX 

Twenty-three patients in this senes weie admitted with pneumothorax 
alone Tieatment consisted of lemoval of an by needle aspnation and check 
ing intiapleuial piessuies initially and before withdi awing the needle Fol 
lowing each thoiacentesis, 300,000 units of penicillin weie instilled In sis. 
instances, the lung failed to expand on tins tieatment and it was necessary 
to perfoim a closed thoiacotomy diamage with an intei costal cathetei as ith 
suction m an attempt to accomplish expansion 
No cases of tension pneumothoiax were seen 


LUNG ABSCESS 

Nine patients were admited with lung abscesses Three followed crush 
ing injuries to the chest which were sustained in jeep and truck accidents 
Six followed penetrating oi perforating wounds of the chest These were 
treated by pulmonary lesection, six by paitial lobectomy and thiee by lobec 
tomy Partial thoracoplasties weie performed on two patients to obliterate 
the space left by upper lobectomies All patients lecovered uner entfidly, fi yc 
leturned to duty, and foui were sent to the Zone of Intei 101 because of other 


mjunes 

RIB FR ICTURES 

Three hundied fifty-foui patients had fractured ubs Most of these 
accompanied perforating oi penetrating wounds, but 42 weie the results ot 
crushing injuries to the chest The majority were comminuted fiactures wit 
bone fragments often duren into the pleuial space and lung parenchyma 
Many of these were lemoced at thoiacotomy 

One of the most frequent complications was hydiopneumothorax I" 
sereral instances, the lung was successfully le expanded by T thoiacentesis old} 
to collapse again On closer loentgenogi nphic examination, a bone fragment 
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ur augments were seen to project into the ehest and would puncture the lung 
mb time it re expanded In these cases, segments ot the fiactuied ribs were 
amoved aud the edges tnmiued The lung then re expanded and remained so 
When more than two ribs in one hemithoiax were iractuied, thev weie 
immobilized in the usual mannei with adhesic e tape 

THORCCO VBDOMIX VL. WOUNDS 

One hundred eight patients sufteied wounds to the diaphragm These 
injuries were repaired at the time oi thoiacotomj The wound was debnded, 
the edges or the diaphragm trunmed aud approximated with interrupted su¬ 
tures or 00 silk Those patients who sufteied damage to the diaphiagm onlj 
in conjunction with the chest wound were usualh letumed to duty 



i / 
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The following chait shows the extent of abdominal wounding m eombma 
tion with thoiacic wounds encountered m this hospital 


Liver 

116 

Spleen 

60 

Large intestine with colostomv 

44 

Small intestine 

10 

Stomach 

32 

Kidney 

20 


The majonty of the patients with spleen mjunes undeiwent splenec 
tonnes m foiwaid aieas and weie sent heie foi lepan of then chest wounds 
Generally, in those eases in which the patients suffered only spleen injuries, 
we earned out definitive chest suigeiy and they weie letumed to duty 

Patients with seuous livei infections, colostomies, nephiectonnes, multiple 
intestinal peiforations, with 01 without lesection, etc, usually weie eiaeuated 
to the Zone of Intel lor Most of these patients iveie in pooi geneial condi 
tion, and only the tempoiizmg proeeduie of open diainage with nb lesection 
was earned out so that they could be safely evacuated Theie seemed to be 
no point in subjecting these patients to definitive chest suigeiy ni the theatei, 
since few of them would be able to letuin to duty because of then abdominal 
u ounds 

In oui expenence, many cases with thoiaco abdominal wounds mi oh mg 
the uppei abdomen could be handled adequately thiough the thoiacotomi 
The exposure is good, often bettei than with the abdominal appioach, and it 
obviates the necessity of an abdominal 01 thoiacoabdominal incision It is 
oui feeling that those patients who need moie extensive abdommal surgen 
should have sepaiate thoiacotonnes and lapaiotonnes lathei than the thoraco 
abdominal incision Infection, if it develops, is moie localized, and the pa 
tients seem to make bettei piogiess 

Tluee deaths occuned in this gioup One patient died seienty two hours 
aftei closuie of his disiupted abdominal incision Two deaths were due to 
geneialized pentonitis m patients wnth numeious intestinal peifoiations and 
extensive livei damage 


NERVE INJURIES 

One hundred ninety-seven of oui patients also had nene mjuiies Of 
these, 97 weie peripheral nene injuries, 86 were paraplegics, and 14 wire 
intiacianial 

The geneial principles of treatment weie the same foi handling all these 
types of nijuues Hoivevei, theie rvas consideiable difficulty m adequatih 
aspiiating oi draining the plerual fluid in the treatment of paiaplegns ' )e 
cause of the horizontal position lequned on the Stijkei fiame In au * 
tion, the ability to cough was usually lessened because of the parahsis of t ie 
abdominal musculatuie and the position of the patient 

All of these patients lecened only palliative treatment thoi acentcsis, or 
thoiacotomy dunnage with rib lesection and were evacuated to the Zone oi 
Interior 
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One death occuned m thm gioup A paiaplegic -with a chest wound 
showed signs or mu easing mtuuanial pressuie and died following elecoin- 
[irrsMun be burr holes 

ORTHOPEDIC INJURIES 

Four hundred eight patients had seuous oithopedic problems Most of 
them hid iractuies of the extiennties The majontj of these patients le- 
eeiud onh tcmpoiar} tieatment and weie e\ acuated to the Zone of Intel 101 
Hirticur, some recoeeied fiom both then chest and orthopedic mjimes and 
returned to limited dutj in the theatei 


SLUM ut\ 

Dui nig the Koiean conflict, between Jul>, 1950, and Januan, 1952 1,533 
thtst casualties were admitted to Tokjo Ainij Hospital Of these, G6 pei 
'nit hid penetrating wounds, 32 pei cent had peifoiatmg wounds, and 2 pei 
'tut were crushing lujunes of the chest 

kuu hundred fiftj-two patients deeeloped hemothorax, 74 pei cent of 
these remained sterile, and 20 pei cent became infected &ixte eight per cent 
'd these piticnts weie treated be thoiaeentesis and antibiotics alone and 
rum e-red ind letuined to dutj One hundred httvtwo decortications were 
perinrmcd without a death Eighte eight per cent of these patients weie con- 
snitred is hiung good results and leturned to dntj 6 5 per cent had fan ie- 
Mllts “id lctumcd to limited dut\, and 5 5 pei cent weie eonsideied to ha\e 
l UH,r results and weie sent to the Zone of Interior foi further tieatment 
*' tu o per cent oL the patients who lequned decortication had closed m- 
tiruistd tubes niscited m Ivoiei In e leee of the net that 79 pei cent of the 
patutits with hemothorax lecoeeied when ticated b\ thoiacentcses ind mti- 
l| " ,lt ' we tecl tint thoiaeentesis is the best eirle tieatment loi hemothoiax 
aid th it n thn mote coiiscieatiec tieatment had been c uried out moie iic- 
't'liitK uiste id eit cleised thoi acotome di linage iieilnps decortication coulel 
‘ lM d' i a noidcd m some c tses 

,)|11 liiuidrul loin piticnts hid lurcim boelies lemoced trom their chests 
' ut ' three thoricotomics loi icmoeal ot loreign bodies were pcitormcil 
(llt ' these p aunts tlso h lel putlil loliee tonne s All rccoeeicd nil 
"WUulh ind ictuuuel to elute Tlnrte one p.iticills hid torelgu boelies u 
( l * deeoitu itloll \11 104 pitlents leturileel to elute 'leeellte six p i 

s v,u thor icoloini/eel m lorw ml ire is lor re moe U e>l loicign boelies 

,M ml either i ur oi poor lesiilts Ihi mse oi inert iscd inorliulite ami 

I pttlmem ire lumtmn When eompired eenli the results obtinied 

" l d fenieie il it would seem th it It is best to It iSe tile Iorei„ti bode 1111 - 

^'d It pnssllile Ieir 1 lte r 1 Ulloe tl 

, , 11,1 1' l 't* nts eeho hnl Inn_ vbseesses sevrt tre ited he lobeetmue or pu 
' tome Hill re eoee reel lllei re till III d tel elllte 
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colostomies, multiple intestinal perforations, etc, -were treated consenatneh 
by open thoracotomy drainage with nb resection so that thei might be safeh 
e\ acuated to the Zone of Intenor 

The 197 patients with serious neive injuries weie tieated with thoraceu 
tesis or 11 b resection and thoiaeotomy drainage and then evacuated to the 
Zone of Interior The 408 orthopedic injuries were tieated much in the same 
mannei 

Our opeiatire moitahty at this hospital was 0 per cent The oier all mor 
tality was 0 4 per cent 
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DISCUSSION ON “THE CARE OF THORACIC AND THORACOABDOMINAL V Ob 
IN THE COMBAT ZONE IN KOREA,” BY MAJOR EDWARD ERNEST HOCKEY, V 
“WAR MOUNDS OF THE CHEST EXPERIENCES WITH 1535 KOREAN C\SL ' 
TIES IN AN ARMY HOSPITAL OYERSE AS,” BY MAJOR A R V ALLE 

DR HOWARD E SNYDER, Winfield, Kan —I think Dr Berry's fine address c> arl 
fied some of the statistics vou have just heard, but it might be well to call attention to 
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be qualified, such a statement quoted out of text would in my experience be quite in 
error Someone will assuredly quote it out of text without the explanatory qualifications, 
and trouble would undoubtedly result I feel there is no argument if someone wants to 
operate through the abdomen and handle the involved diaphragm or through the ebed 
or through a combined approach That is a matter of personal experience, but I think it 
is dangerous to have this get into print without a careful explanation, because miolve- 
ment of or suspicion of involvement of the left diaphragm is an absolute indication for 
exploration, in my experience 

On my return from the Mediterranean Theater in World War U, I became interested 
in the mortality and morbidity of thoracoabdominal wounds in civilian hospitals, and I 
became aware of the fact that the mortality was twice what we had m field hospitals. 
The majority of factors involved are on the side of a lower civilian mortalitj The tune 
interval between wounding and definitive surgery may average as high as eleven or 
twelve hours in war wounds, whereas it is a matter of minutes or a few hours in civilian 
wounds There is not the gross contamination in civilian wounds that is constantly ex 
penenced in war wounds Furthermore, it is relatively rare to have as high a percentage 
of major associated wounds in civilian practice as one has in war wounds 

On the other hand, m war time one is operating on young, previously healthy iadi 
\ idunls, and it is also true that because of the promptness with which civilian wounds are 
earned to the hospitals, more mortally wounded might therefore be seen than would 
arrive at field hospitals However, these last two factors do not negate the previous ones, 
and when one considers that the surgery of trauma is simplicity itself—one onlj stops a 
hemorrhage, cuts something out, exteriorizes it, or sews it up—-the cause of the difference 
in mortality must therefore be searched for elsewhere 


I think that the big difference lies in one particular factor, that is, preoperative 
management or, what should be better termed, the resuscitntive phase I do not believe 
that the information we have obtained concerning the importance of this phase has been 
earned over sufficiently into civilian life The idea of spending two or three hours re 
suscitating a patient before operating, and not taking him directly to the operating room 
simply because he has a sucking wound, is not well enough known Furthermore, nianv 
cases, if properly resuscitated, will not require surgerv, for one can evaluate only the 
necessitj for surgery after one notes how a patient reacts to adequate resuscitative 
measures, and I think one need only mention that a patient properly resuscitated will 
stand surgical interference far better, even if in some cases tho surgical interference w 
not warranted I must admit honestly and many of you men who did similar work in the 
Second World War, if you are honest with yourselves, will admit to plentj of cases that 
jou opened, and after you got in yon wondered what you were doing in there Personal!', 
that experience decreased from Sicily to Southern Itnlj to Northern Italv, etc, for me 
As I saw more and more cases, I was actually operating fewer of them but spending more 
and more time in the shock tent resuscitating the patients After the} hn\e been re 
suscitated properly, then and only then can jou properly evaluate them Surgical msu 
that occur otherwise are inexcusable, and certainly they are inexcusable in civilian hre 
where one does not have the pressure of 20 more cases waiting in the shock tent 


DE FREDERICK R HARPER, Denver—I wonted to discuss these papers onlv 
to agree with the authors During the Second World War, I was in the South P aci 
a general hospital X thought we had a rather unique experience in that we receive 
groups of patients One group came from Saipan and Peliliu Those were campaig^ 
where the medical corps was hard pressed and many of the wounded were takui dire* 
to the benches and put on hospital ships and sent down to u s The *uirgcons ^ 

tlio*'L hospital ships were vety hard pressed so the} did veiy little for tin. ot‘ in ^ 
thoracic wound The other group of patients came down from Le\ te, through he 
pitals, evacuation hospitals, and so on These patients had been treated before thev g^ 
to us Tubes had been used in most cases There was a vcr\ marked difference between 
two groups, the group that came down in Xnvv ships, who had lmd practnalh no trta 
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„c-t, dl.t much better than the group that came down through the hospitals and had 
. J a.J draina 0 e There were letter decortications necessart and tetver complications 
_ untreated group We could not help noting that patients who had needle aspi 
r. a unit did mueli better than those who had tube drainage I se>e no indication tor 
p* drainage unhbs tou are dealing with a po-itite pressure pneumothorax, otherwise 
. c'le aspiration is adequate 

the indications for immediate open tkeroucotomv are tots 1,1) large open sucking 
tii hleedmg tthieli cannot be controlled because it is coming irons a major vessel 
3 pneumothorax which cannot be controlled because it is due to an open bronchus, )4) 
. 'iae tamponade, (.ol some patients tilth tlail chest, I think, can be h mdled better 
L i,en tlioraco omt and (bi the tlior icoahdominal wound' Mi onh point or disagree 
-t-t aith the authors with regard to thoracoabdominal wounds it I understood cor 
ttcllt, is that I hclietc niant patients ttho hate thoracoabdominal ttounds shoulel hate 
lie tloracotoint done hrst or at the same time, eten though a thoracotomv would other 
- e Cot 1)0 ncce.sart Ir tou do not stabilize the cardiorespiratort ststem before tou 
J cn the ubdomca, I think t ou arc int ltmg dilhcultics 


1»H LVUttNCE MIbCALL, New "York—The .tpcncuic from tthich I spe-ik i' 
list ern in a large thoracic center in the rear area in En 0 liud Here Dr Harrison and 
1 had an excellent opportunity to see the results ot treatment that ttas carried out in til 
tic prior stations, including station and O tnorjl hospitals in England I agree certain)! 
nth the 'tateinent that most hemothoraces can be treated effeetitelt bt aspiration and 
thir <on crmtite measures In a surtev ot over -100 patients, tie round that at least 
I er ccut responded tatorablt to these methods Hotteter, in the hemothorax or 
!" cumothorax tthich could not be controlled rcudilt bt repelled a'puation', D ood 
• J 'ti followed closed drainage tthich ttus maint lined lon„ enough to permit expansion 
f lie lun n We found poor results tthen the draina 0 c ttas incITcctiic or Used lor too 
a tune These liiditiduals had considerable trouble tilth clotting md luteetion 
* f c s ur after etacuation to the rear This is a sound bius tor qucstionin„ the adt i« ibil 
1 T it the earlt remotal or the tubes after thorucic exploration in the forward irea 

la thiraeoabdominal wounds tu louud that the patients ttho had dnhculti hid 


c ' r L Jfe ot these thenpeutie delieieueieS, the abdomen anil chest had not been se 
e ' vjurate 1 bt complete repair ot the diaphru„U!Utlc detect, the chest hud not been 
ti-itcli drained, exploration had been lnadeeju ite delects below the diaphragm had 
u - Ce^Icetc 1 frequentlt This was purlieul irlt true on the ri n lit side where unsU-peeted 



11 ll liter had e lu-ed ill mt patients to return to the ho'pital With pkur il and/ 
Jareaic infection Tlic'c tacts prompted Us to explore adequ itelt both ibote and 
diaphragm as a routine 


Tie o Kr leant that mi„lu be su„.,c'tcd to the individuals in Kore e euiiei rns the 
** —Ukirax with uaateueltble del it in tre itmeiit The U'c 01 'Ircplokinu c ind 
'* ' ! “ V 11 iUlteil Itelt liter operLtlte deeortle lUOIl Ills been quite ItlstietOrt ill 


*' ( 'l Ol Ilk N 1 SUM MI b Ir Iriutiri N J—llucili, 1 wi b to i„nc with 
all \\ur)in„ in the quiet alum plicrc ot i tluracie 'ur_crt center in I n„laad, 
-a e T jr through examm itloii ot the ( ltient' and their records to decide ul ether 
‘'iiraUcin or tul e dr linage wi the le l method ol preventing elottid heiuei 
’ ^ he 1 n lur cut optima l urllicrn. ir> 1 lave tin pitieuts ia iitilmi 

J — 1 exitc'ive e’otted lei I’lrieis wit hi ii Incan tour li uts ifwrle i. 't ibl e 1 
* ' ’ V 1 at dr lit a^o be 11 re I it il tut i ' would hlVe |Mi l i 1 elottl 1„ m the/e 

1 uM o. I ir it, ir iM.lta.'itt m 1 t lit i i ,irr> 1 tl * . 1 . 


a’ 1 a | ir iti ir in i tb ibil „ luthiv, icarniil ti I’latiH 

'U *■ 1 lib. I • t'll JJiljl I t ft’ee llll III till 1^ ^ 4 | , , 

’mi' Cl tt cinlv t’ e 1 U V ' 1 „ I M II r \ ri » It i , i,’, | , n u i, t 

- ’ • .'ot i.ur tal li u alt r , rit _ t it'i r tla , u^atcl 
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aspiration simply because he maj not have time for the latter For mvselt, I wish to 
state that I feel intercostal drainage is properly used following operations for injuries 
to the chest and lungs 

-Experience in the thoracic center did show, however, that the best re ults in the 
treatment of thoracic injuries were obtained by well trained surgeons The caliber of 
treatment of patients admitted to the center depended upon the skill and experience of 
the men going the primary treatment near the front lines 

The suggestion that an upper abdominal incision be carried up o\er the anterior 
thorax with transverse division of nbs or cartilages to afford exposure of the intrathoracic 
contents is a poor one The division of multiple ribs in such a manner will provide an 
unmediatelj unstable thoracic wall with the increased hazard of atelectasis and para 
doxical movement To wire such nbs to avoid the unstable thoracic wall will undesirable 
prolong the operation time Furthermore, late thoracic deformity will occur unless verv 
meticulous care is used to prevent it Even the best of late care will not alwnvs prevent 
deformity with multiple nb fractures or division If thoracic exploration is required after 
abdominal operation, the incision could be prolonged upward m the standard method 
through an interspace or another incision could be made 

DR WARRINER WOODRUFF, Saranac Lake, N Y — As I listened to these two 
papers, it seemed to me that thej present experiences of two distinct and separate types 
One is that of a surgeon in the forward area who is extremely hard pressed with manv 
casualties and insufficient time to give to them, and the second paper reflects the problem 
as seen in a rear area hospital in Japan I think the figures show the difference il' 
experience was limited to two campaigns Iwo Jima and Okinawa I was on Guam during 
both campaigns From Iwo Jima many of our patients were flown in 650 miles, and we 
had one boy admitted ten hours after he had been hit In general, casualties from Ivro 
Jima were seen earlier than those from Okinawa, because policy of evacuation was 
changed and it became practice not to transport chest cases by air, so we received almost 
no casualties from Okinawa for primary treatment The reason I mention that is tins 1 
know that our incidence of empvemns increased, the longer the interval between wound 
ing and the time we saw them I don’t know what the experience of others has been, 
but it seems to me that in the long run it may bo better to lose an occasional chest case 
by air transport than to take the hazards of the necessary delay of water transport If 
I have understood these figures correctly, the average time before admission to the bos 
pital in Japan was six days, but on some patients there was a delay of up to thirty davs 
I wonder if complications were not higher in this latter group Certainly we found it so 

Thtr L is just one thing I should like to ~ny, if we are helpful to Dr Rockcj Time 
is one patient whom he cited who had a crushing injury of the chest with bilateral pulmo 
nary involvement, who died verv soon postoperativelv, coughing and raising blood ’ 3 
he stated, thev were unable to keep the nirvv us free despite all attempts, including 
bronchoscopv All right—in a forward area such a» that, you just do not have time to 
do the amount of tracheal aspiration that should be done, and I wonder if it would not c 
worth while to call Dr Rockey’» attention to the possibility of tracheotomy on some o 
these severe cases, so that the nurses mav keep the secretions aspirated regardless of * 
patient s condition 

DR MARK H WILLIAMS, Binghamton, N Y —I want to sav one word about the 
management of hemothorax It is well established that needle aspiration is usunll' 
effectual measure, but if aspiration is incompleteh done, pleural compheations necc 
mg drainage or decortication mai occur A simple and effectual wuj of perform B 
thorough aspiration has been helpful to me, and I think it should be applicable to mtlda 
practice This is actually a minor operatin 0 room procedure which requires a stron„ 
source of suction One positions the patient in the supine position on the operating a ; 
delating the head and shoulders to about 43 degrees and then introduces a troe ir throuj, 
the brat or xeeond mter^paec The Conllos thoroscope troear, which permits the inl ™* 
duction of the Ih gauge urethral catheter, ha* been used The tatheter mil pass a*- 
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Also, it often gives a false sense of security in that drainage is instituted and then for 
gotten about, because of the feehng that the problem has been soiled However, it is 
later that the consequences must be dealt until 

Begarding Dr 'Woodruff’s comment about the average time elapsed between injun 
and date of arrival at the general hospital of six to thirty da)s, respectively in our 
latter group the treatment received on the hospital ship paralleled that received in the 
general hospital 


MAJOR ROCKEY—I would like to express mv thanks to Dr bidder, Dr bhette. 
Dr Harper, Dr Miscall, Dr Sommer, Dr 'Woodruff, Dr Williams, and Dr Sarot for their 
very valuable remarks which were of great help in reemphasizing man) of the important 
pomts of this presentation 

As Dr Woodruff very well stated, the experiences in the forward area are distmvth 
different from the ones in the rear The more thorough and understanding care is given 
at a Mobile Army Surgical Hospital level to these patients, the less complications re¬ 
quiring elective surgical interventions are faced m Japan As Dr Snv der indicated, this 
• an be accomplished onl) if more framed surgeons are available in the combat zone, or 
perhaps the men m such units could have intensive on the spot training in the early and 
intelligent management of thoracic and thoracoabdominal injuries 

The reason for the difference in. the statistics between the forward area and the 
cases handled in Japan is obvious When a Mobile Army Surgical Hospital is quite near 
to the front line with the helicopters, patients reach us who would otherwise he dead on 
arrival As a matter of fact, a number of them were dead b) the time we put them on 
the operating table for resuscitation purposes, and we included them among our operated 
cases Most of the other cases were of great risk, and this is the reason the) were 
operated on in a forward unit 


It is a great regret to me that I was not able to be present at the meeting of this 
Association, particular!) since, on one of the mam issues of ni) presentation, the nmna 0 e 
meat of diaphragmatic perforations, I could have elaborated in greater detail In te 
spouse to the remarks of Drs Snyder, Shefts, and Harper, I wish to sav that it is not 
a matter of personal preference that I suggest laparotomy for the management of thornco 
abdominal wounds, but it is the question of doing the least number of and the least ex 
tensive procedures which will provido an opportunity to re establish as normal cardio 
respiratory physiology as possible as well as correction of the intra abdominal damage 
This choice is not a question of taking the attitude of the general surgeon who is, per 
haps, not too well versed in the various thoracic approaches, since I am pnmanl) a 
thoracic surgeon In view of the fact that the diaphragmatic tear is taken care of as a 
first step in the operation after the abdomen is opened, its sucking effect is eliminate , 
the pleural space is evacuated, and the lung is fully expanded Tins can he accompbshed 
with ease and without danger since the patient is handled under endotracheal anesthesia 
Under these conditions, no ill effects of this procedure were observed The mayintr o 
the thoracoabdominal injuries do not require exploration of the chest, just as the majont) 
of the chest injuries can be taken care of b) aspiration onl) In other words, we arc 
saving a thoracotomy or the thoracotom) part of the abdominothoracic exploration w> 
out sacrificing complete evacuation of the pleural space and full lung re expansion prior 
to the diaphragmatic closure One should not hesitate to extend the laparotoni) incision 
into an abdominothoracic one if difficulties are encountered either in the management o 


the intrathoracic phase of the injur) or in the closure of the diaphragmatic perfombom 
In iu) experience, in the majorit) of the cases, such extension was not necessarv 
I handled these patients b) thoracotomy first, man) of the patients who wore gubmitte^ 
onl) to (aparotom) would have been submitted to thoracotom) as vvell or to com 
thoracoabdominal exploration without accomplishing more than was accomplisnc ^ 
the method I propose Amon„ the casualties, there were several cuscs of perforation 
both leaves of the diaphragm, which were successful]) bundled bv laparotomy evacuation 
of the pleural spaces through the diaphragmatic tears, full lung re expansion prior to 
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t’j ure of the diaphragmatic perforations tollowed bv correction of the intra abdominal 
tsjone. Through the laparotomv, all three body cavities were adequately taken care or 
I -under if the believers in thoracotomy tor diaphragmatic penoranons would have sub 
nutted such a patient to bilateral thoracotomv pins a laparotomy Lr not, then tve are in 
agreement in principle, at least It cannot be stressed sufficiently how important it is 
to iollow the technique or the closure of the diaphragm and complete evacuation of the 
pleural space as discussed in detail in the presentation Complete evacuation or the 
p'cural space and full lung re expansion must be accomplished in order to avoid subsequent 
p’eoral complications. 

I wish to repeat that thoracotomv alone, in cases of thoracoabdominal injuries, is 
Jmgerous because the survev of the mtra abdominal organs cannot be complete through 
the diaphragm By this method, cases with missed bowel perforations are known to 
caav oi us The choice or procedure in my estimation, is the one which is the least 
cxtennve and accomplishes the most, that is, laparotomy with extension ot the wound into 
the chest onlv ir the combined injuries cannot be handled suceessmlly bv laparotomj 
alone, which is the exception rather than the rule In other words, I do not recommend 
thoracotomv ior diaphragmatic perroranon. tr the chest needs to be entered, it is done 
onlv as an extension of the abdominal incision This leads me back to my original state¬ 
ment that perforation ot the diaphragm is not an indication ior thoracotomy 

It is ot great value that Dr Shefts emphasized the verv rare need tor resection of 
damaged lung tissue Iu this senes, this was necessarv onlv as an exception and, e\en 
m the«e few cases, consisted or segmental or subsegmental removal ot devitalized tissue 
tardh attached to the rest of the lung 

Dr Woodruff stressed the \alue of tracheotomy for thoracic injunes This is a verc 
u Ipful prcedure m well selected cases namelv, the ones with considerable lung damage 
mith a great deal ot expectoration or blood and mucus, tor the purpose of making the 
caning care easier and more effectne in keeping the tracheobronchial tree clear As i 
matter oi tact, the \ery same patient quoted by Dr Woodruff had a tracheotome His 
^eath was inevitable as the autopsy findings indicated and as was descnbed in the 
fie<entation 


The remarks ot Dr Williams are ot great interest to me since they substantiate a 
><“ pnn. iple applied in the management or the sucking wounds in this senes, mnieh 
iarlv and complete evacuation of the pleural space by a catheter through the dcbrided 
c °P en 'ng and removal ot the catheter pnor to the closure ot the chest wall wound up 
Io Ictel On patients without sucking wounds, in a combat zone tube aspiration 
•i not feasible except when the casualty load is not heavj 

I feel greatlc indebted to Drs Bern, Graham, and Samson, who arranged the 
[o cntation ot this paper in absentia on a few dacs’ notice, and to Dr Wihe tor bein,, 
lr ^ ,0 accept the burden of rending the paper 
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U NTIL lecent leais surgical tieatment of the tiaehea has been concerned 
pnmanly -with the sequelae of infections, such as diphthena, repau after 
tiaunia, tiacheotomy and, infiequenth, with neoplasms One of the eaihest 
lepoits concerning a boldei suigical attack on the tiaehea is that ot Bmhet in 
1918 In this lepoit he summaiized experimental and clinical lepoits of end 
to end anastomosis, leseetion of anuulai segments, and descnbed tiansplantation 
of tanous tissues mto suigicalh cieated defects of the trachea Recent interest 
in the iepaii of tiacheal defects has been concerned piuicipallj with tech 
mques, which may be used aftei lemoval of neoplasms uifiltiating the tiaehea 
eithei pnmanly or secondanly 

In animals, Taffel and Daniel haie lepoited the lepan of small defects 
cieated by excision of poitions of the eeivical tiaehea and of closuie of the 
end of a main bionehus with autogenous fascia They concluded that excellent 
healing took place m such giafts Fascia has been remfoieed bj r a spiralb 
coiled wne 1 oi woven wue stiands, steel i lie mesh, and tantalum mesh with 
taiving degiees of success 2 0 ir Dennal giafts leinfoiced with wne ha\e 
been used 10 Seteial tvpes of nihmg tube piostheses ha\e been used success 
fulh in the laboiatoiy and clinically m at least one case 4 6 11 13 The bifuica 
tion ot the tiaehea ot the dog has been successful)! lesected by sevei.il c it 
teient methods" 0 12 and, moie leeeutly, the feasibility of implantation () 
bionehus into tiacheal windows has been undei investigation 15 10 Homogia ts 
of tiacheal segments hue only iaiely given good lesults, and aie oidmaim 
obseited to undei go neciosis with lesoiption of caitilagnious elements 
Danes and co woikeis lepoited that they obtained sumval of caitilage homo 
giaits when the! used an lnhing tube suppoit foi the giaft The condition o 
the caitilage attei the} lemoied the inlying' tubes has not let been lepoitec 
Oui lepoit deals with lepans of the intrathoiacu poition of the tiac el 
ot dogs and coieis the use of autogenous fascia and tantalum mesh, separate i 
and in combination A few studies w ei e made m w hich fascia ivas combine' 
with autogenous caitilage eithei cut in the foim of tiacheal lings oi gioui 
finely 
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ALETHODs 


Healths .ulult mongiel dogs weighing between 10 and 22 ktlogiams weie 
iL'.td Anesthesia was obtained wath ethei administeied thiough an endo¬ 
tracheal tube bv means of an insufflation appaiatus Exposiue ot the tiachea 
u is effected thiough an incision in the light toiuth mteicostal space 

Group 1 Fascia —Theie weie sixteen animals m this gioup 4Vmdows ’ 
winch included segments ot two to tom lings and railed in size Horn 1 by 1 cm 
to 2 bv 2 5 cm svere made m the light lateial wall ot the tiachea ot all ani¬ 
mals The tascial patches cveie obtamed nom the light paiaieitebial muscles 
in most animals, raielv tascia lecta was used The patches were cut laige 
enough so that at least 0 5 cm would oieilap the tiachea nioiuid all maigms 
ot the detects Fascia was applied bv means oi inteimpted sutiues in each 
lorner oi the patch followed bv a continuous sutuie which went thiough cai- 
nlagc lings and tascia The sutuie matenal was 000 ehionnc catgut It 
these patches w ere applied without too much tension they w ei e airtight 

Microscopic stud a ot sections ot the giatt and adjacent tiachea stained 
with hematowhn and eosm was earned out at internals of tiro weeks to six 
months alter operation 

Group 2 Fascia and Caitdagc —In this gioup there weie eleven animals 
m winch windows cveie made as piewoush desenbed Cut oi ground cartilage 
' ls applied to the external smfaee of tascia giafts which weie made as de¬ 
scribed iur Group 1 Tumi foui animals long nanow stups oi costal cartilage 
nre rtnioied with a scalpel These stups, ivhich tended to curl like a tiacheal 
nmr were fixed to the fascia be means ot liitemipted catgut sutuies carefulh 
placed through the external fibeis ot the tascia One or two ot these caitilage 
rm °' weie used m each ot the tom animals and gate the giatt area a eon- 
'e\ outer mil lace 


Iroin the other cecen animals cartilage was iemoted tiom the tips of 
"' Ur n ' )s * l »d giound with a chondiotome In thiee animals the nagments 
1,1 ‘Oitihge were applied to the tascial giatts wath a piece ot Gelto lm and 
n i" Ur ^cre spiead on i tieshh made blood and bin me tlnombni* coagulum 
s '*■ 1 ^ 11 1 been applied on the external surlace or the tascia graits 

Group 3 Fasuti and Tantalum —These materials weie used toi a total ot 
U1 Jiimiuh m which tracheal detects weie made as desenbed toi Group 1 
^ 111 dl I* lUlns—Patches ot tascia were att idled to one suiiuee ot a piece 

t mt tluiu mesh b\ c ltgut oi cotton sutuies The edges ot the mesh were 
uuulK inldtd our so th it slurp ends ot ware did not protiude buch 
1 1 i ns Wire made oi the s line size and shape as the detect In three animals 
* M ' l,k ^ mtei mi ot the patch and m torn mesh was on the exterior f 
,lr ~ l P itche s—In time aiiniuls pieces ot t intaluni mesh 1 irgc enough 
.mi " Xirl ' K n *>rm ll tr uhe l on ill edges ot the delect win used Alter the 
Y 1 111 t * a tru lui hid bun rcpurul with i pitch m nsn the tant lluni 
—*' ]>lnid o\ti it aid the uljoiuing poition ot the triihea, and it- 

' l,ir ni ^in \\ lUut< 1 th it there w re 1 mj units pe r i ubie centimet r 
v l V m*'VV?UK blllrU 1 fruMl thu 1 th,con xutur ^rit.rks v.ir v» ^ Omi; 
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taehed to the fascia by inter mpted catgut sutures Finally, the tantalum 
mesh was molded by pressing it against the metal endotracheal tube being 
used foi the anesthesia 

Group 4 Tantalum Mesh With Tempo) a> y Pi osthesis —In this gioup theie 
weie eight animals Large windows weie lemoved fiom the tiachea in two 
animals, and tubulai leseetions with removal of the entire circumfeience ol 
the trachea weie earned out in six We lepaned these defects by placing a 
plastic tube prosthesis m the lumen of the ti achea and covei ing it with tanta 
lum mesh Befoie resection was perfoimed, the plastic tube was mtiodueed 
into the tiachea thiough a tiansveise incision To seal the aim ay, two looseh 
twisted bgatuies of thiee strands of No 1 chiomic eatgut weie tied mound 
the tiachea, one close to each end of the tube Then a poition of wall ot 
tiachea oi a tubulai segment including seven to eleven ungs was excised 
between these ties The size of the lemannng gap, m animals in which tubular 
segments w r eie lemoved, w r as deteimined by the tension of foui mteiiupted 
000 cotton sutures which passed fiom one end of the tiachea to the other o\er 
the sui face of the tube This ledueed the gap to about 2 cm A piece of 
tantalum mesh with folded maigins which rvas laige enough to lap o\ei the 
edges of the tiachea at each end was placed snugly aiound the exposed poi 
tion of the tube The mesh was held in apposition to the tube by means of 
cotton sutiues placed m the mesh which served to tighten the mesh around 
the tiachea 

The inlying piostheses weie polyethylene tubes* 6 cm m length with a 
wall thickness of %c inch (0 16 cm ), having two sizes of lumen One had an 
internal cbametei of one-half inch (1 27 cm ) and anothei of five eighths inch 
(159 cm) These tubes weie smooth except foi thiee shallow' encoding 
giooves on the exteuoi neai one end which had been made bv picssmg a 
heated wne into this suiface The caudal ligatuie enencling the tiachea was 
tightened aiound this giooxed aiea to pi event the tube fiom benig dislodged 
cluimg the postopeiative penod The smooth suiface and shallow' gioo\in 0 
allowed ready lemoxal with bi onchoscopic foi ceps within one to seven months 
aftei opeiation Pei iodic In onchoscopic observations weie made of the tu c 
and latei, aftei the tube had been lemoied, of the aiea of the giaft -A 
the animals weie killed, sections made of tissues caiefully peeled fiom tie 
tantalum mesh weie studied lmcioscopieally 

Gioup 5 Tantalum Mesh and Fascia With Tempo)ary Prosthesis —These 
weie used on four animals 

Repaii of tubulai detects w as accomplished by a method similar to that 
used in Gioup 4 but modified as follows (1) A sheet of autogenous aiC1 “ 
w'as wnapped aiound the defect to co\ei the exposed tube and the end to tnc 
sutures befoie the tantalum mesh was applied (2) The fascia and tanta un^ 
were fixed to each end ot the tiachea by a few mteiiupted cotton sutuies, an 
the tubes weie withdiawn two, two and one half, fire, and five and one 
months ittei opeiation 


•Plax Corporation Hartford Conn. 
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RESULTS 

Group 1 Fascia —Grossh, all or the grans looked much alike (Fig 1 or). 
Histologic examination showed that the giart was coreied with ciliated epi¬ 
thelium in two instances lour to five weeks artei opeiation although one 
urait was not coreied thiee months artei opeiation The giatrs were flexible 
and slishth shrunken, a slight to moderate tiansreise lidge of fibrous tissue 
lowered b\ epithelium pi oti uded slightlv into the lumen In several dogs the 
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noimal cuivatuie of the lemnants of the cut lings had been lost, and the flat 
tenmg of the wall opposite the giaft which lesulted fiom this pioduced some 
further nairowing of the lumen 

The autogenous patch of fascia appeared to have suivived in all cases 
The evidence foi this was that the patches weie well vasculanzed earb, there 
was no deciease in numbei of cells to suggest giadual death and lemoial ot 
cells, and in seieial grafts intact islands of fat cells were noted The tiacheal 
epithelium seemed to spieacl acioss the giaft surface with onlv a minimal 
giauulatmg base In fact, epithelium was absent only ovei a few supeificial 
collections of inflammatory cells or small patches of granulation tissue In 
seveial animals ui which the tiansveise ndge was most piomment and thick, 
the epithelium on the ndge was noncikated, cuboidal, 01 flat Conti actuie ot 
the seal appealed to have caused decreased vasculanty in the aiea of the 
ndge In two instances tmy, persistent ulceis weie found on ndges There 
was vntually no legeneiation ot mucous glands in giatt aieas, and legenera 
tion of caitilage was confined to islands too small to be appaient on gioss 
examination and located usually neai the tips of seveied caitilage lings 
Gioup 2 Fascia and Cartilage —In thiee of the fom dogs m which long 
nanow r stups of autogenous caitilage had been attached to the fascia the 
mucosal suifaces of the giafts had healed completel} 1- when the annuals were 
killed thiee, fom, and five months aftei opeiation (Fig 1 b) The other 
animal had an aiea of gianulation tissue which apparently coieied the entire 
giaft two months aftei opeiation Simmng cartilage was piesent m two of 
the fom giafts, and paitial fibious tissue leplacement of the cartilage was noted 
m one of these two No giafted cartilage could be found in the othei tw r o grafts 
Patches of fascia sloughed paitlj when giound caitilage had been applied 
wnth a piece ot Gelfoam m tlnee animals In the fom animals in winch a thin 
las er of thiombm and blood coagulum had been used necrosis of the fascia was 
minnnal AY lien sloughiug had oeeuned, the giafts lacked epithelium, but m 
the fom animals in wduch the thiombui and blood coagulum had been used, 
healing w r as complete, the aieas w r eie film, and gioss hits of caitilage could he 
seen m examinations at mteivals of one, two, thiee, and fom montlis after 
opeiation Micioscopic examination skow r ed that the giound caitilage was in 
coiporated into a fibious netwoik on the external surface of the fascia, and that 
tlieie was little evidence of counectne tissue leplacement ol the caitilage 

Group 3 Fascia and Tantalum —Small Patches—None of the three 
patches applied with tantalum mesh on the inside healed well, and onh small 
poitions ot the mesh weie mfiltiated with connectne tissue and coiered In 
epithelium Of the fom patches applied with mesh on the extend, two were 
completely coieied with tiacheal epithelium and the othei two showed mesh 
sunoundtd bv gianulation tissue within the tiacheal lumen In these latter 
two animals lnonchoscopic examination showed that tlieie had been gradm 
piotiusnm of megular edges ot mesh and loose wne ends thiough the fast i * 
These mum ils w ei e killed one to fom months lftei opei ation 

Laige Patches-—AYeekb bionchoscopie examination of giafts, made ot 
Hi go patches ot tascia and tantalum mesh, indicated that these areas " crc 
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probabl) completely eoieied by epithelium within five to six weeks aftei 
opeiation No mesh could be seen on any of these examinations, but in one 
animal a paitial bieakdown of the surface of the giaft was found at the time 
the animals weie killed thiee and one-half months after operation In the 
other two animals the giatts weie completely coveied by noimal ciliated 
tracheal epithehum which contained no mucous glands (Fig 1, c) Grossly, 
tiie gratt aieas were firm and coieied by a fanly dense fibious tissue winch 
encircled the tantalum The mediastinal pleura ovei the tantalum wms mobile 
and noimal appearmg Micioscopic study showed that there was no mflam- 
maton reaction to the tantalum in any of this gioup, and theie w r as no evi¬ 
dence of nev-founed caitilage 



lint-iinrS - —Segments of trachea and graft remo\ed from two dogs In Group 4 In which 
a h-ilfm x ' as use<1 a temporary tube prosthesis a Tube was remo\ed four and 

rruci. <iIS 0ntha , after operation and the doer died fl\e months later Tantalum mesh was not 
ftc of ih le ' bUt hourglass stenosis had de\ eloped from dense scar tissue on the Inner sur- 
rlniM Th 8 tlnta ^ ur o mesh This graft contained sexeral Incomplete new-formed cartilage 
r . mo ° J^ ntral *pUt resulted from opening specimen after fixation in formalin b Tube 
trachpal ok * onC i mont h after operation and the dog was killed four months later because of 
TV defftpnil i# 0n T * ie ce P hallc part of the graft had become detached from the trachea. 
n tantalum mesh and the fibrous band connecting mesh with trachea are easily 


('roup / Tantalum Mesh With Prosf/icsis—The pohetlnlene tubes weie 
la irl\ w e i| toleiated In all dogs ot this gioup Although these dogs had slioit 
periods of \igoious coughing thee had an excellent an wa a as long ns the 
,s "ire in situ On bionehostopic examination mucoid scuetion could be 
un '^ lstn ' to tlie tubes in a few ot the annuals hut nppaienth .ill were able 
n '^ 01 b\ blowing it out dining expnntion Roentgenogxams of the 
rix "ere made at internals ot one to two weeks utter operation weie 

‘Wstinth cltn, and ill imnnls gained weight between opeiation and the 
lll »c (>i death 

v 'kinocal ot the mhnig tubes aftei peuods of fiom one to se\en months 
mi ' j '?" U * m stAin G>e eight nnmnls In piognssneh nine tsmg stenosis, 
, ( "* 1 11 t,,ne *bi\ wnc killed oi died thee hid itspn itoi \ obstriution (Fig 
ii ' l ,llll( - *ke tubes wm in situ did not sum to be lelated to 

nil' r ' 1 st ' ,10 '' ls 101 ‘vimpli rt mm il ot i tula lunn ( >n ( > ,] 0 g se\en 

i ^ l,r "P* 1 * t, ‘»i w is followed In almost loinphti stenosis within one 
* ^ui\n ii utu till tubes weie imimed w is as tollows one ind one 



488 


THE JOURNAL OP THOR VCIC SURGERY 


half and eight months foi the two animals which had undergone 1 ejection ot 
a small poition of the tiachea, and two weeks, one, foui, foiu and one half, 
and foui and one-halt months foi five animals fiom which laige tubular seg¬ 
ments had been lemoved 


Grossly, the graft aieas weie him, and the tantalum was enmeshed in con 
neetive tissue The cephalic segment of tiachea had letiacted iiom the tanta 
lum mesh in one dog, and a thm mig ot fibious tissue lined bj epithelium was 
found connecting the mesh and the end of tiachea (Pig 2, b) The tantalum 
mesh was giossly defoimed m this and in foui othei specimens, piobablc the 
lesult of eontiaetuie of seal tissue The only animal m this senes in which the 
polythene tube had become dislodged had no defoimitj of the mesh We thought 
this tube had been expelled spontaneously, but it was found that it had shifted 
down to the bifuication of the tiachea and lodged theie wheie it continued to 
suppoit the giaft In the secenth animal, the tantalum was still essentialh 
tubulai, but a dense layei ot fibious tissue had dec eloped inside the mesh beneath 
the epithelial lining and pioduced an houiglass stenosis 

Moie oi less complete coveung of these giafts with epithelium was oh 
tamed in only thiee of the seven animals which died oi cveie killed In two 
of these thiee animals, post-moitem changes cveie maiked, and positne ldenti 
fication ot epithelium cvas not possible The othei foui giafts were coceredbv 
thick beds of gianulation tissue Regenei ation of caitilnge cvas found in onh 
two giafts, m one it consisted of seveial thm, megular and incomplete migs 
o± caitilage, and m the other theie cveie sevei al small scattered islands of 


legeneiated caitilage 

One dog m which a tubulai leseetion of tiachea had been peifoimed had 
a completely healed giaft area with a good lumen when killed sixteen months 
aftei opeiation When the polythene tube was lemoved five and one hall 
months aftei opei ation, healing of the giaft appeared moie advanced than 1,1 
any of the othei dogs, and within two weeks the aien seemed to be completed' 
coveied by epithelium The giaft lemained unchanged iiom tins time null 
the dog was killed ten months latei At post-moitem examination w'e foum 
some flattening of the mesh in an anteropostenoi dnection Tiacheal epithelium 
completely covered the opeiative defect despite consideiable megularitc of 1C 
surface (Pig 3, a ) The inteieaitilaginous tissues of two to tlnee segments just 

cephalad to the graft area were stietched to two to four tunes normal sue an< 
pioduced a soft conelike nanowing of the lumen (Pig 3, b) This suggests tic 
possibility that the ngid giaft may ha\e impaited an excessive amount o 
stiam to the adjacent tissues thiough the lange of tiacheal motion associate 
with bieathing and coughing This was the onlj specimen in oiu series show 
mg such a change The fact that the animal smvived longei than wc ot er 


in the gioup may oi maj not add significance to this obseic ation 

Group 5 Tantalum dlesh and Fascia With Temporary Prosthesis Tine 
of the four animals of this group died oi weie killed because of tracheal steno 
sis following lemoval ot the tubes In one animal the tube was m p b )Ce lor 
two and one-half months and sec ere stenosis dec eloped within the next two 
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months niter remoial oi the tube Iu this Distance the internal smlace of the 
aratt was niamh a bed ot granulation tissue beneath which the lascia could be 
identified grosslv and unci oscopicallr There was rniei oscopic evidence ot an 
suite inflammatory reaction thioughout the gialt avhieh was more marked 
than Usual In the second animal the tube was m place lor two months, and 
then during the next loui months svmptoms oi obstiuetion developed despite 
the bronchoscopic obsemation ot the presence ot epithelium Post-mortem 
examination ie\ealed a gap between the mesh and the cephalic portion ot the 
trachea, a gap budged by fibious tissue which was not rigid enough to prevent 
collapse during mspnation Appioximately one-thnd oi the grart had a new 
unering ot epithelium suuoundnig the usual bed oi granulation tissue 




tiiuntlij. bucce-aful graft In 'lnlnuil of Group 1 graft i\aa cocereJ b> epithelium six- 
‘’Unuiom ° r> ^ ralIon dnl Un months aftvr removal of the tube b Stretching of Inter- 
^ uis ccphalad to the traft with soft conUike narrowing should be noted 


j ^ ^ llr d dog lnd the tube renuned fi\e and one-hilt months alter opera- 
, 11 J(1< * ^ le ‘^ tuo months 1 ttet The taut lluni mesh was irregular but had 
"b'lntd md the lunun w is die leased to I to 4 nun in diameter In thick 
111 1(11,11 ,lv ' lle which had not been i in creel be epithelium 

H t 111 this group got dong bettei Tins tube was remoxed 

^'■mitbs utcr opcrition uul tin grait seemed lather well he.ded Broil* 
1,1011 <me month lttei disclosed p irt oi the upper border oi 
,,t» llllu,urc< l 111 the lumen oi the tiachea In the nc\t tne and a hah 
11,11)1 tlu 1111111 d w is killed the truheal lumen deere lsed onh slighth 
m<-li seemed to protrude into the lumen At post mortem c\ami- 
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nation the giaft aiea was flattened m an anteiopostenoi direction and about 
a third of the uppei maigin of the mesh is as uneoveied About half of the 
giaft aien was cos r cied by epithelium (Fig 4) 

COMMENT 

The lesults m our senes of lepaiis noth plain fascia aie essentially those 
obtained by otheis who have descnbed lapid coieiing of these patches b\ 
ciliated tiacheal epithelium Oui histologic sections, hosvesei, suggest that 
the autogenous fascia had suivived instead of being leplaeed bv new connet 
tive tissue and that the epithelium had eoveied the fascia uithout need of a 
granulating base "\Ve weie unable to find evidence of legeneiation of tiacheal 
mucous glands in the new-foimed epithelium Regeneration of cartilage uas 
obseived m a few giafts, a finding lepoited by others, but it uas not sufficient 
to gn e adecpiate tissue suppoit in any mstance 



Fig 1—Longest survival in Group 5—tantalum \\ 1th fascia—shows exposure of mcsl) ar" 1 
onl> partial epithelial covering of the graft area. 

The suiMval of some of the eaitilage giafts was of inteiest in ne" ut 
the lelatively avasculai bed which must sunound and nounsh such a g‘ al 
Oui study suggests that thin stups of eaitilage might be useful foi suppoit ot 
fascial repans of defects of limited size m man 

The taiitalum mesh used in these studies was not lesponsible foi ai " 
specific inflammatory leaetion on the pait of the host tissues Frequently t e 
mesh uas mcoipoiated in rathei thick, Aim fibious tissue, yet micioscopic 
study showed no evidence of any inflammatoiy leaetion to the metal Rig I( 1 ' 
supplied by the mesh ivas insufficient to pi event defoimity caused In con 
tiaction of the fibious tissue Piotiusion of megulai surfaces of mesi or 
loose lines appealed to be the cause of failuie to develop an epithelial h n ’ n = 
and of the eiosion seen ovei such aieas Houeiei, theie was no evidence t a 
the mesh caused damage to adjacent gieat cessels and esophagus From ic;,t 
studies it appears that the deielopment of an adequate lining "hen tanta um 
mesh is used in lepau depends on the following piactices (1) careful to < 
of mesh edges to eliminate sharp wi te ends, (2) careful molding oi nies 
the shape ot the tiachea, (3) use ot pieces laige enough to lap o\u the t ( 
ot the trachea for at least 1 cm , and (4) placement of the mesh on the oul s,( ( 
of the graft 
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Temporary use ot an inlying polythene tube to support the area oi lepan 
>vas tested because it promised to obviate some difficulties leported in studies 
in which ware mesh had been used to reconstruct tracheal detects - 1 With 
such a tube, airtight reconstruction of the an v ay may be accomplished easily 
and rapidly The previously lepoited finding 1 ot epithelium in the area sur¬ 
rounding rnlving plastic tubes offered the hope that legeneration ot epi¬ 
thelium might oeeui about a lemocable tube It is possible that results might 
hare been improved it we had employed tubes of a diffeient design which 
fitted better and were left in situ longei It has been found 13 that polythene 
tubei or another design piecented stenosis when thee, cceie retained ioi about 
a rear Under these conditions the fibious tissue bridging the gap m the 
trarhea became as ligid as the tiachea Aiter iemo\al of the tube, epithelium 
uicered the small, scatteied granulating aieas, and contiaetion or significant 
detnrmitc did not ensue duinig an obseication period oi tcco veais 

In the piesent stude cce made no attempts to dilate the stenosed part as 
di nous u as dec elopmg 


SIMM CRT 

detects ot the thoucic poition ot the tiachea c.eie cieated in dogs bv 
urcical excision ot poitions ot the ecall eaiving in size Horn one-halt to mil 
'lrcunucrcnce and tcco to eleeen tiacheal ungs in length 

hi one gtoup ot dogs onle autogenous tascia ccas used to cocei small 
Ideas Mich graits sunned and cceie quickie lined be tiacheal epithelium 


Tin 


m. malts sometimes contained insignificant amounts ot neec-iouned cai- 


dlice hut did not possess oi aequne sufficient ngiditc to ccariant then me 
"ier 1 irge detects 

tutogeiious caitilage ccas placed on the outside ot patches ot tascia in a 
- r "iip ot dogs mcl ccas tound to suicice Tantalum mesh ccas used in other 
’' ~ s att cr resection ot a rclaticelc small segment ot tiachea to gice snipport 
t<> t it unit ot t nci i The mesh ccas ccell tolerated but tended to be extiuded 
111 " batherl lumen cchen it ccas not c irefulh plated outside or the tascia 
hi another group ot dogs in which a huge portion oi long tubular seg- 
JU1 01 thoiacic part ot the tiachea ccas excised tcmporarc internal sup- 
jort i,, r tlu area ot the lepau ccas procided Tantrlum mesh or tascia eoceied 
»nt ilum mesh ccas applied around mlving polythene tubes The tubes 
jl* 1 . 1 k [t 111 suu lor care mg periods betore remoeal Regeneration or epi- 
1111,1 1,01 t ike pi ice centh sufficient inpulitc in the majontv oi the am 

14 l ,u 'cnt tncheal stenosis alter lemoe ll ot the tubes Use oi a sheet 
‘Utoginous lasna to line the mesh segment t nletl to linproce the end results 
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CONGENITAL ESOPHAGOBRONCH3AL FISTULA IN AN ADULT 

Ivcob K Berm vn, II D , Pcsqucle S Test, M D , \xd Bruce A McAet, M D , 

Indian\poljs, Ind 

/CONGENITAL fistulas between the esophagus and the respnatory tubes 
Ay were first noted b\ Gibson in 1696 1 Howecei, thecarnations in this anomale 
"ere not adequateh descubed until 1929 when Vogt- and latei Lanman 3 clas¬ 
sified them The diagnosis and tieatment ot these detects weie ecolced 
large]v through the eftoits ot Haight and Towsley 4 cvho peifoimed the hist 
successiul anastomosis in esophageal atiesia with tiacheoesophageal fistula, 
and Ladd J who successfull} lestoied esophageal continuity by the constiuc- 
tlun ot an antethoiauc esophagus 

Mam theones hace been ad\anted to explain the octuiience ot these 
anomalies but then defhutice cause is unknown llowecei, the suggestion 
fiiat aberrant cesscls' mat plac a lole in piecentmg complete separation ot 
'he trachea and esophagus seems peitinent m the ease we aie lepoiting Com¬ 
munications between the tiachea oi kiomhi and the esophagus are said to 
“ccui a 'iout once in ecei} 800 biiths 4 but thee aie latelj seen m adult life 
Unless the} aie itquned Monsen at leciewed the woilcl liteiatuie on this 
Sl * >jcct in 1941 and tound lepoits ot 222 congenital and 448 acquited tiacheo- 
ls °piageal fistulas llowecei this figuie piobablc lepiesents but a small 
Porti<m ot then actual numbei 

iquired hstulas mac be due to neoplasms nitectioiis (lung abscess, 
'nipimralno Umph nodes empeema tubeuulosis s\phi 1 is and actmoimco- 
Sls ’ 1 rjvum i loieign bodus (shup objects swallowed broncholithiasis 8 ), 
esop ayeil di\eiticula with intection and thee mac also aiise without demon- 
(r 1 *■ 1 'Use The etiological factors semptoms and signs diagnosis and 
fitment ot these lesion* liicc licen adinii iblc sumiiiau/cd in lecent uti- 

UlNeUMTCI ltt-sl lKCTOUC Er-llI llUlKAl tNTtLls IN UU LTs 

tNt ."*■ * 1<Ul tmuid npoits ot congenital tiachco oi bronchocsophagell 
i h,,"/; 1 d ^ U ' Is 111 0,1 * % lolu pioxeel eases One ot us 13 rcpoiteel the case ot 
un i 'tO J 110 " ths ,ge " 1,b tr lcheocsoph igcal fistul i compile ited b\ empe- 
huml' 1K * mi ' hll ' L ,JLUl LOn " tn, tal in ongin Moiton and his associates 14 
fir,,,/ | tso l )l1 ‘ftial hi one In il fistul i m 1 26 sen old man with associated 
w/mm’ T wh,th " ,s P ,obll,h congciiit il It w is iejected and a right 
—___ nctome w is done with good icsiilts Belgium! 1 - described a 64 

V r 1 f,r I’Ubllrali.n \j.rll It lJo. 
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yeai-old man who began having symptoms suggestive of tiacheal aspiration 
at the age of 20 ye ais The patient was not treated siugically and the diaguo 
sis is based mainly upon x-iay studies Impel aton 16 obseived an 8jeai old 
boy with tiacheoesophageal fistula This child was opeiated upon shorth 
aftei birth foi a pylonc obstiuction Latei lepeated esophageal dilatations 
weie done without lelief Then the fistula was dissected out and tied but it 
recurred At a second opeiation a puise-stimg sutuie was placed aiound the 
fistula with good lesults No biopsies weie taken although the fistulous tract 
was well defined and was piobably congenital m ongin Haight 1 leported a 
well-documented case of a 4-yeai-old boy with a congenital tiacheoesophageal 
fistula which was diagnosed at birth by Lipiodol studies The child continued 
to have a persistent cough and leeurrent attacks of pneumonitis The fistula 
was successfully divided thiough a retiopleuial approach with good lesults. 

Our case is lepoited foi the following reasons (1) It is laie to find 
congenital fistulous communications in the adult between the esophagus and 
the lespiiatoiy tubes, (2) it is paitieulaily unusual to encountei such fistulas 
between the esophagus and the basal bronchus of the left lowei lobe at any 
age, (3) the association of raseulai anomalies which may be impoitaiit in 
the embiyogenesis of such communications as shown by Keith and Spuei ,s 
and Kiaus 10 aie illustrated in this patient 


CASE HISTORA 


Mrs R J (No 20330b), a Negro woman, 40 venrs of age, was admitted to the 
Indianapolis General Hospital on Dec 6, 4951, complaining of almost continuous productive 
cough with hemoptysis, chills, fever, loss of weight, anorexia, and extreme weakness The 
patient was obviously seriously ill and as we first observed her we noted extreme dvsputa, 
cyanotic lips, pungently foul breath, frail and emaciated body, and clubbed lingers with 
advanced osteoarthropathy We attributed her inability to relate a coherent mednul 
history to the severe illness and also to mental retardation Therefore, much of our in 
formation came from her husband and relatives 


The symptoms had begun in very enrlv childhood, m fact, she could not rtnitai ar 
when she had not coughed and brought up sputum Members of her funnlv informed us 
that she was a “sickly baby ” and that she had a persistent cough at birth and “strange 
easily” when she was fed Throughout her entire life she had been in and out of hospital' 1 
A few of the more significant episodes in her long medical history should be enumerated 
The first twenty five years of her life were marred br constant illness Although she mi 
been in the hospitals of manv cities in the South we were unable to get accurate des rip 
tions from the family or from tho patient of the complaints or diagnoses or even the naans 
of any of the hospitals We do have a record of her admission to a hospital in Nashville, Tcnn, 
in 1937 after a severe attack of pneumonia She stated that such attucks were “ r 
common but that this time the “pneumonia” persisted and the doctors had to remove t" 
ribs, pus drained from the chest for many months Following her release from the ® 
pital m Nashville, she traveled to many cities and had repeated attacks of what 
called pneumonia with a persistent cough, constant tiredness, frequent episodes of hen I 
tv sis, and failure to gain weight These svraptoms led to a diagnosis of tuberculosis 

She was first seen in the Indianapolis General Hospital on Dec 31, 1941 At ^ 
timo a diagnosis of multiple abscess of the left lower lobe with sovere bronchiectasis ^ 
made Tho sputum and gastric washings were examined for acid fast bacilli repe l 
but none were found or cultured The predominant organisms found were chicfl' slr '’^ ^ 
cocci, staphvlococci, and fusitorm bacilli She wns referred to the Chest Service at 
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animation showed a stenosis of the left lower lobe bronchus, and bronehograpihi rcnalcd 
mulhplo abscisses in the left lower lobe and advanced bronchiectusis (see Fig 1) home 
of the Lipiodol which had been injected into the bronchial tree was present in the stomach 
and for this reason it nas decided that a barium swallow should be given Fluoroscopic 
observation and x raj studies showed that some of the barium found its wa\ un easih 
into the bronchial tree on the left side (see 1 ig 2) It was dilhcult to giu the patient 


w 


A 


FIs 2—Barium swallow X-rn> film taken at one minute[Intervals ^barium- u 

left lower bronchial tree is well filled within eight minutes after the *i ic smooth 

Is hh,hlj probable that the opaaue material was propelled b> contraction 
muscle In the fistulous tract, 

a barium meal because ot se\ere \ minting ind therefore the diu 0 noscs at Lurdio'T^w^ 
achalasia were considered The pulmonar\ disease eould thus be due to aspiration ra 
than to direet communication Howe\er, after repeated attempts enou 0 h barium " ^ 

tamed to demonstrate a bronchoesophagcal ilstula The \ ital capacity was approtinm ^ 
JO per cent Er) tliroo tes numbered -^900,000, hemoglobin 9 Gni , and leukocytes 14 ; 00 
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pite of the precarious condition ot the patient we decided that operation should be done 
and therefore she was prepared with antibiotics and multiple blood transfusions and e\ 
['brawn thoracotomx was performed on March 1 1932 

At operation the xisceral and p metal pleurne were lound to be denselx adherent 
i that access could not be gained into the pleural cixitx without tearing the friable 
lung and therefore the lung was mobilized lw an extrapleural approach The esophagus 
iras identified and a fistulous tract was encountered which communicated between the 
c uphagus and the basal bronchus of the left lower lobe The fistula was well defined and 
was a tubular structure approximate lx l 1 ! cm Ion., and ibout l> cm in diameter (see 
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Microscopic e xam i n ation. 1 ' yyas as follows Sections through tins tubular specimen 
showed a lining of normal stratified squamous epithelium The underlying tissue was 
dense connective tissue which was rather heavdj infiltrated with lymphocytes and pLnma 
cells Outside of this, there was a fairlj thick Injer of smooth muscle Within the con 
nectn e tissue beneath the epithelium sey eral mucus secreting glandular structures were 
seen similar to those found normally in the esophagus No other unusual features were 
noted in this specimen Diagnosis was esophagobronehial fistula, congenital 

Eighteen days later the old incision was reopened and the lung freed b} extrapleural 
dissection This was the only feasible course to pursue since it was impossible to gain 
entrance into the pleural cavitj because of the extreme)} dense adhesions which existed 
between the visceral and parietal pleurae Upon approaching the pulmonar} arten it 
was found that a patent ductus arteriosus was present This was clamped nnd dmdeil 
and closed with a continuous ecerting mattress suture of 00000 silk supplemented with 
an oier and oier continuous stitch of the same material The pulmonar} arten side was 
remoced together with the pulmonar} arter} after ligation proximal to this point Is 
the individual hilar ligation proceeded it was noted that a second arten was preseut 
arising from the aorta immediatel} abo\e and adjacent to the site of the esophftgohron 
dual fistula and communicating with the basal branch of the pulmonan arten It w is 
double ligated and divided The lung was removed and the bronchus sutured with inter 
rupted 00 silk sutures The chest was then closed in routine manner The patient’s post 
operative course was entirel} uueventful nud she was released from the hospital on March 31, 
1952, twelve dais after pneumonectomy 

The pathology report was as follows 

A The left lung showed a fairly normal nppennng upper lobe The lower lobe wis 
roughened and ver} firm and shoyved numerous dense adhesions oier its pleural surface 
The adhesions extended upward along the posterior surface of the upper lobe E\ami 
nation of the lular region showed in one area the presence of a black silk suture about i 
small piece of fibrous appearing tissue entering into the pulmonar} arten which was 
stated to be a patent ductus arteriosus This small strand of tissue was sectioned and 
labeled “A” in order to identify it Another seeticu was taken through the pulmonary 
artery at its point of entr} to identiry this junction This structure was not identified 
gross]} yvith certainty 

B Another black silk suture in the hilar region yy is stated to be a point of entn 
of a congenital fistula This area yyas sectioned and labeled “B” for possible identifies 
tion No definite structure yyas identified grossly This yyas in the area of the bronchus 
leading to the loyyer lobe 

C Examination of the upper lobe failed to show any gross abnormalities 

D Afultiple sections through the loyyer lobe shoyyed the entire pnrencb}inu to kc 
hone}combed with multiple abscesses These yaried from 3 to 3 5 cm in diameter an ^ 
yvere all thick yy ailed and surrounded b} ver} dcuso fibrous tissue The intcrvcni „ 
parenchyma yyas more firm than normal and appeared to be airless (Eig 4) 

Microscopic—Section of the abnormal vessel entering the pulmonnrv artery tl 
closed smooth muscle and adjacent bronchial elements In the section taken f ro |fi 1 
area adjacent to the prey iousl} surgically removed esophagobronehial fistula, blac si 
sutures were seen imbedded in fibrous tissue, the lutter being surfaced on one side 
stratified squamous epithelium similar to that found lining the fistula (surgical pat i 
No 527 52 S) Section of the upper lobe disclosed acute congestion of the purcnc ' II1S 
and scanty chronic inflammatory exudate about the wulls ot small bronchi Ike cnvitie 
described m the lower lobe, arruuged along the contmuit} of the bronchi, vyerc ill inC 
with respiratory epithelium with the exception ot n few ure is of squamous metaplasia 
These successive dll it itions or nil the bronchi m the lower lobe represented nn advance 

Describe it b> pathologists VV llllam L Drake Jr and Paul B Eyans. 
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decree or Mccalar bronchiectasis A dense mantle ot chrome mflammntorv exudate 
jnderhi the bronchial mucosa lining these cavities, and there was atrophy of the muscle 
uni cartilage elements in nmnv places The pirenehvma surrounding these cavities was 
i!c.u-t completelv hbrotic with numerous foci or chronic lnflamruatorv exudate denselv 
(fucoened alveolar walls lined bj Mining membrane ” filled with macrophages Evidence 
of pecinc granuloma was lacking A.t several points in the dense, fibrotie parenchyma, 
there aere phencal apertures in the fibrous tissue with signet ring’ arrangement, the 
lurleus bemg off to one side, and the picture suggesting a healed lipoid pneumonia 

UtaijiiObis — (1) Patent ductus arteriosus of pulmonary nrterv on the lelt (2) 
Bu operative state, recent, following excision or e-ophagobronehtal hstula, congenital, 
'il lower lobe bronchus or left lung (3) Chronic inflammation, nonspecific and fibrosis, 
it lett lung (4) Bronchiectasis, saccular, advanced, or lower lobe bronchi or left lung 
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tiation of the necessity foi a caiefn] examination m eveiy patient with pet 
sistent cough Esophagogiaphv should be included not only because of pos 
sible fistulas but also to lule out a pharyngoesophageal di\ ei ticulum, acha 
lasia, caidiospasm, and othei defects which might lead to legurgifatiou and 
aspiration 

Congenital anomalies aie likely to be multiple legaldless of wheie the 
piedonunant lesion occurs Howei'ei, the association of lasculai malfoima 
tions has not been emphasized as a pertinent tactoi in the embnogenesis of 
tiaeheoesophageal communications except by Keith and Spicei and Kraus 
Our patient shows the possible causal lelationship betiveen such lascular 
abenations and the abnoimal communication which was piesent The 
anomalous aitery 01 “second ductus” which connected the aoita to the bavil 
branch of the pulmonaij arteiy ivas adjacent to the fistulous tiact and mat 
have mteifeied with the complete sepaiation ot the esophagus iiom the 
tiachea ivhieli nonnallj oecuis at about the fifteenth day of fetal life The 
patent ductus aitenosus accounted foi the to-and-fio uiuiimu ivhich could 
be heaid and also foi the letaided mental and physical deielopment of the 
patient, although chiomc pulmonary disease may haie sinnlai eftects Pei 
haps the two “ducti” mav lia\e lesulted iiom a double sixtli aoitic aicli on 
the left, howevei, we hate found no lepoits of such embiyologic delations 


CONCLUSIONS 

1 A case ot piobable congenital fistula between the esophagus and the 
basal bionchus in a 40-yeai-old w 7 oman is lepoited 

2 Associated lasculai anomalies weie discoieied These consisted of i 
patent ductus aitenosus at the usual site and an abenant aiteiy leading fiom 
the descending aoita to the basal blanch of the left pulmonniv aiteiv 

3 Theie was immediate impiovement following ligation and lemoial ot 
the fistulous tiact, and complete lecoieiy following extiapleuial left pntu 
monectomy ivith ligation and excision of the two ducti 
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CALCIFIC EMBOLI COMPLICATING MITRAL VALVE 
COMMISSUROTOMY 

Report op a Case 

Houck E Bolton, M D ,* Rosirio Maxiglia, 31 D ,** and 
Fraxklin C 3Iassey, 31D *** 

Philadelphi v, P\ 

INTRODUCTION 

T HE mcieased frequency with which nntial valve commissmotomv is being 
peifoimed makes it impel ative that all its possible complications be lecog 
mzed so that thej may be averted, if possible Since the opeiation deals with 
a i ahe which is frequently heai lly calcified, it was eai ly lecogmzed that the 
manipulation might dislodge some of this calcific matenal Feai of this com 
plication was stiengthened by the death of seveial patients who piesented the 
signs and symptoms of ceiebial infaiction immediately following sin gen 
In these patients theie weie no niuial thiombi in the left auncle oi atnuin 
Autopsy failed to tecovei any calcific emboli in these cases 

We aie piesentmg a case in which the calcific emboli, which ongmated 
from the manipulated calcific valve, w f eie lecoveierl at antopsv 


CVSF IIISTORV 

A 2(>vearold white man entered Hahnemann Hospital with the chief complaints of 
shortness of breath and hemoptysis During the previous three rears he had become aware 
of gradualH increasing dvspnea upon routine exertion At the time of admission he was 
dvspneic upon ascending a (light of stairs During the past leur he had three episodes 
of hemoptysis during paroxisms of coughing The past history was entirely negative, no 
knowledge of rheumatic affliction having been known until the diagnosis of mitral stenosis 
was made two months before hospital admission An allergic history of repeated, rather 


severe episodes of iv v poison occurring between the ages of S and 12 years was 


obtained. 


Phvsical examination revealed a normally developed, huskv, and well nounshed voting 
man with significant findings referable only to the cardiovascular svstem there was a 
diffuse preeordial pulsation visible without physical evidence of left ventricular en al H 
meat Sinus mechanism was present with a blood pressure of 150/70 semirecumbent 
the mitral area, there was a sharp first sound with n grade II, high pitched, blowing, s' 3 " 
tolic murmur Left lateral positioning augmented a long, low pitched, nwiblmg ln3 0 
murmur having slight presvstolic accentuation In tho third left interspace and ulong t 
left sternal border to the apex, there was a grade II, early, high pitched, dccreSLin i 
diastolic murmur P 3 was accentuated two plus and there was simple splitting o 
second sound m the pulmonic area and along the left sternal border A Corrigan 
pulse was palpated. Xo signs of congestive failure were found 
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Electrocardiographic tracings indicated right untncular lnpertrophv with atnal 
hduuction Eadiolo„ic studies indicated three plus enlargement ot the left atrium, two 
phi enlargement both of the inflow and outflow tracts of the right \entmle and two plus 
enlargement of the lett tentricle There was presumptiae endence ot calcification of the 
mitral tain 

Other laboratori studies were within normal limits except for a coagulation time of 
b minutes, 30 seconds The bleeding time was 2 minutes, 15 seconds A\ ester^ren era thro 
evte edimentation readings were 3 mm per hour 

Ilecau e of a discernible degree of aortic insuditienei, with some left tentricular 
enlargement, assessment of operabmtv was a most problematic task In \iew of the se 
vcritv of the 'imptoms attributable to pulmonarc hipertension associated with moderateh 
■ 1 'lranced mitral stenosis, and realizing the lnabiliti to alter the aortic lesion, operation 
teas iclt feasible, justifiable, and rational - 

Mitral tabular comrnissurotomi was performed The cube was found to be calcified, 
nth ome of the calcification hating the ‘ cake icing ’ i|ualitt Techmcaib the opera 
lrc procedure naj satisfacton 



u toperatneb, the patient had right hemiplegia at the time of partial rccotcrt 
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1 1 e nili n lioiiie block was performed twice with no appreeiihle clinical linprocc 
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PUTHOLOGrCUL 0BSER\ VTIONS 

Gross Findings—General Autopsy disclosed a left thoracotomy incision which Has 

dosed with wire sutures Also, there was a suprasternal tracheotomy incision 

In the peritoneal cavity there were 200 c c of brown nonviscous fluid located in the 

left subdiaphragmatie space, and 50 c c of similar fluid within the pelvis This liquid 

had the odor of gastric juice The capsules of the left lobe of the liver and spleen, and 
the serosal coat of the splenic flexure of the colon, had finely granular surfaces which were 
friable Splenic flexure mesenteric tissues were digested, yielding a dissection of the 
mesenteric vessels These were intact and stood out distinctly The serosa of the descend 
ing colon and sigmoid colon was coiered with numerous ecchymotic areas \n opening 

was found along the greater cureature of the fundal portion of the stomach which was 

14 cm long and extended distallv from the esophagus The edges of this opening were 
irregular in outline and thm The mucosa of the stomach contained but few rugae, and 
most of the lining was smooth, thin, and friable, suggesting autohsis 



Fie 


2 —\ entricular view of mitral \al\e Vrrow points to granular surfaces of tin- 

lateral commissure. 


incised 


Iu the left leaf of the diaphragm there wns a hole located in its posterior 
about 2 cm to the left of the esophageal hiatus The edges of this opening were irrLt,,U ( | ie 
in outline, triable, and thin Four hundred eighty cubic centimeters of fluid were * a 
left liemithorax, and in eharaeter wns similar to that found in the abdomen P eura 
taces of the left lung were colored with petechiae 

Pericardium In the left lateral aspect of the pericardium there was a recent 
incision iiliO'e edges were approximated properly with sutures The parietal and vi-ce 
pencardial surfaces were coiered with a fine fibrinous exudate 
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Heart The heart itself weighed 510 grama On the tricuspid valve leaflets, along 
tte one ot clO'Tire and on the atrial side, there were flrmlv attached white verrucae aver 
.gin about 3 to 4 mna in size The chordae tendmeae were thin and delicate Exammn 
ton of the mitral \alve leaflets showed them to be vert thick, rigid and shelflihe due to 
rakincation Fusion along both commissures was evident On the atrial side there were 
-everal Urmlv attached calcified \egetations about 4 to 5 mm in size The valve must hate 
been tenotic and incompetent betore operation The anterolateral commissure had been 
meted urgtcalh, and the valve opening now admitted two Angers The edges of the m 
CL-ed portion ot the commissure contained friable calcified material which was dislodged 
ecilv bv running the finger tip over their -urine' The lortu valve cusps Mere slightlv 
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,. * lUt "ere [liable approximated one another ea-ilv and held a column of water 
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containing- homogeneous basophilic particles which stained black with Kdssa’s calcium 
stain There were areas of fresh infarctions in the medullary and cortical portions ad 
jacent to these arteries 

The tissue taken from the perforated portion of the stomach and diaphragm showed 
autoli sis of the entire thickness of these structures with no inflammatory reaction 

DISCUSSION 

The sequence of events in this ease seems to have been as follows With 
manipulation of the calcified valve, theie was dislodgment of seveial particles 
of calcium which embohzed the left middle and posterior ceielnal arteries as 
well as the light kidney The emboli to the hi am pioduced infaiction of the 
areas supplied by these occluded vessels, w'hich in turn lesulted in the right 
hemiplegia and hypeipyiexia 

Lack of leaetion aiound the peifoiated sites of the stomach and dia 
phiagm indicates that these oecmied post moitem The hypeipyievia this pa 
tient had must have facilitated the development of these digestive changes in 
the foui horns elapsing between death and perfoimalice of autopsy 

The thieat of this complication is definitely gieatei when the calcified 
valve is f 1 aetui ed digitally 1 athei than cut, foi then thei e is less eonti ol o\ er 
the opeiative site, and calcium paitides me moie likely to he dislodged if m 
the way of the piobing fingei 

No pieviously lepoited case of calcium embolism complicating initial val 
vular suigeiy could be found m the hteratuie 

In 1950, lloragues, Bawell, and Shiadei 1 lepoited a case ot calcific emboli 
in the coionaiy aiteiy system The ongin of these emboli was fiom a nodular 
calcified aortic valve without bactenal endocaiditis These had become dislodged 
spontaneously All othei lepoited instances of emboli to the coionanr aiten 
system concerned valves mvohed by bactenal endocarditis 

With the hope of obviating future difficulties of this type, Dr Chailes P 
Bailey now has developed a lefinement of the opeiatne technique, which con 
sists of occlusion of the innominate aiteiy and the left common caiotid arterj 
at the cntical moment when calcium oi thiombi may he e\pected to be dis 
lodged dining manipulation ot the calcific nntial vahe Tins procedure is 
being published in detail elsewlieic 1 


summary 

We hai e piesented a detailed study of a case manifesting a veiy unusual 
couise of events following initial \alvulai commissuiotomy for the amehora 
tion of initial stenosis A calcific embolus was dislodged from the nutra 
\al\e duinig suigen, lesulting m occlusion of the middle and posteiior cer 
elnal aitenes at then bifmcation Hemiplegia followed with subsequen 
death within seieinl horns Calcium emboli weie also located in the rl o 1 
kidney 

Calcium tiom the nntnl i ah e has been suspected as the souice ot t 
ceiebral casculai accidents following nntial cahulai suigeij, but this is 
first instance m which the embolus actually has been returned fiom the u ' r 
ebial i essels 
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EESECTION IN PULMONARY TUBERCULOSIS 


Analysis of One Hundred Seven Operations on One Hundred One 
Patients, with E vrly Results 

Winfield 0 Kelley, M D ,* Norwich, Conn , and Du id Y Pecori, MD 

Providence, R I 


S INCE Fieedlandei 1 peifoimed the fiist successful planned lobectonn for 
pulmonary tuberculosis m 1934, leseetion m that disease has become mcreas- 
rnglj safe Refeience to Table I, which summanzes some of the lesults collected 
fiom the literature, will confiim that impiession Undoubtedly the adoption 
of the individual ligation technique in the eail} foities was a gieat step forward 
Numeious othei advances, especially m the fields of anesthesia and blood re 
placement, have made then contilbutions Hovvevei, it was not until 19U, 
when stieptonncin had gained geneial usage, that eailv moibiditv and mortalitv 
figuies showed then gieatest improvement Although it is too soon to evaluate 
the late lesults of leseetion perloimed undei stieptoimcm, lepoits such as 
those bv Himmelstein, Beny, and Read" aie ver} enconiaging 

It is the purpose of this papei to piesent an anahsis of 107 consecutive 
resections pei formed on 101 patients at the Connecticut State Tubercu osis 
Sanatonum, Norwich, Conn, between Octobei, 1948, and July, 1951 1X 
patients had bilateial leseetions pnoi to July, 1951 An additional 3 patien s 
included in this senes had contialateial leseetion without complication su 
sequent to July, 1951 The lattei opeiations aie not included in this anahsis. 
Postiesection thoiacoplasty was peifoimed in 53 instances without comp ica 
There were 40 men and 61 women Ages langed fiom 15 to 75 jears 
per cent of the patients weie between 30 and 50 veais of age 

A caieful stud} of Fig 1 wall show that oui appioach to the problem ^ 
treating pulmonarj tuberculosis by leseetion was a cautious one oweie , 
was inevitable that the fiist patients to have this tieatment w r ould le es ^ 
risks Foi tlus leason, a high percentage of the eail} leseetions weie pne 
nectonnes In fact, for the entne senes of 101 patients, pneumonecto v 
perfoimed in 36, oi 35 8 pei cent Another significant observation is 
thoracoplastv failuie was a majoi indication for leseetion in the series^ ^ 
eight patients weie subjected to some foim of leseetion aftei hann 0 
successtul thoracoplastv Foi companson, a giaph lias been ma c o 
ber ot thoracoplasties peitoimed dunng the tlmt}-tlnee month interva 
studv This, ot couisc, does not include the numbei of postiesection 
plasties As the numbei of leseetions liicieased, the thoracoplasties (* mi11 ^ 

lathei abiupth dunng the last lew months Tlieie weie j 4 pine 0 )L ’ ^ ir 
but, m addition, tlieie weie 11 lobectomies peitoimed m conjunction wii 


ReccLed for publication Vprll 2D 1DD2 , , , , , rl , ntm i 

•Chief Surgeon. Connecticut State Tuberculosis Sanatoria and Vsslitant C 
of Surgery lulc LnUcr'tit) School of Medicine. 
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V 


mental 01 -wedge lesections The remaining 26 patients had either segmental 
01 wedge lesections These aie not shown as such on the chart but are grouped ” 
wutli the “combinations ” " 

Indications foi lesection, at first linuted to thoiacoplastj tailine, broncho , 
stenosis, tubeiculous bionchiectasis, tubeiculoma, and lowei lobe eavitv, were 
giaduallj extended to include all of those listed m Table II - 



Fig 1 


Pnoi to suigeij, each patient was caietulh evaluated bv the combine 
medieal and suigical staffs 5Ian\ patients had lecened piolonged tieatmcnt 
in the foini ot bed rest, stieptonncin, phiemclasis, pneumothoiax, pneumopen 
toneum, and thoiacoplastj Resection was not peitoimed until lesions in 1C 
portion ot lung to be conseived weie stable, oi at least legressne No patient 
was retused opeiation who might benefat tiom the pioccdtue In sceeral ui 
stances of lnlateial, tar-ad\anced disease with cavitation, the cawtan disease' 
poition alone was iemo\ed leawng obvioush imohed liuig behind (big 
These patients ha\e done surpusmgh well, ha\ing been ldieted ot fcter an«^ 
other symptoms ot toxieitx Almost all ha\e negatnc sputum b\ smear a 
culture 
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Tyble II 


I\DIC VTIONS 

1 XDMBEP OF RESECTIONS* 

Tuberculoma 

9 

Bronchiectasis 

S 

Bronchostenosis 

12 

Tuberculous bronchitis refraetor\ to treatment 

1 

Thoracoplasty failure 

2S 

Lower lobe canty 

6 

Destroyed lung 

S 

Destroyed lung with empyema 

4 

ThiJ, walled or giant cantv 

6 

Intxpansible lung requiring decortication 

2 

To pre-erve function 

2S 

Suspected carcinoma 

3 

To aroid deformity m adolescent 

1 

_Patient refused thoracoplasty 

2 


•More than one Indication niaj lia\e been present for a single resection 


findotraeheal anesthesia supplemented b\ pioeaine loeallv was employed 
lor resection Intubation was not peitoimed toi thoiacoplasta The anesthetic 
12 cins most lrequenth emplo\ed weie Pentothal Sodium, nitious o\ide, and 
'Hlopropane Patients weie nnldh pi'emedicated, and dming anesthesia y\ ere 
maintained in as light a plane as possible Hapoxia and retention of caibon 
'liOYide were prevented b\ acti\el\ assisting lespnation Endotracheal aspna- 
'ioii and inflation of the collapsed lung weie tiequenth earned out Earlj in 
"> scries, the lateial deeulntus position was emplosed foi resections Three 
opt rain e spreads of disease oecuircd in this gioup of 27 eases Later, the 
l >r one position was employed loutmeh with no spieads in 80 lesections Post- 
°krativch, the patient was encouraged to cough Oocasionalh endotracheal 
‘Tir Hum and i uoh, bionehoscopY weienecessan to iemo\ e secietions 


n most instances, the amount ot lung tissue to be lesected was determined 
ie line of thoiacotonn In palpation Emplo\ment ot segmental and a\edge 

Mir^ ll,U U *' lu a ' 011c 01 in combination with othei pioccduies enabled the 
'foil to prcseive a maximum ot functional tissue When tubeieulous bron- 
1,,- — ,>r 'iroiiclnectasis \y is known to be piesent the imohed portions ot 
' ULro runoYed, rcgaullcss ot then appeuaiue at opei ltion Pontine pre- 
‘’-ratiYc bronchography was not peifoimed 

^Hcr "'! USUtl0U 1 ^ l01 n- co pl«is>tx was peitoimed attei eaeli pneumonectomj, and 
'Ir 1, >t0,, 'l r ° SLLtl0U > ^ Oie remaining lung would not fill the lienuthorax 

■ iter 1Illr iplcuial pievsiucs had been leduced to minus 10 to 20 cm ot 
dead space, espeualh n biomhoplcuiil fistula were present, was 
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eliminated as soon as possible (usually in tluee -weeks) In thoracoplastt It 
is belicicd that the low incidence ot empjema (Table III) in this senes is 
dneeth attnbutable to this pnnciple, which was stiessed b\ Gialiam 15 in 1933 
E\eij patient in this senes leeened eithei stieptomjein 01 dihjchostrepto- 
niycin toi at least a tew dais pnoi to opeiation and a month following the last 
opeiatne pioeedtue Aftei the lattei poition of 1940, paia-animosahcihc acid 
was gnen with stieptomjein Approximately one-fouith iccened less than ten 
days ot stieptonn cm theiapy pnoi to lesection An additional one fourth had 
less than 120 dajs, and all but 4 patients had leeened less than 240 dais ot 
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CHANGES IN MAXIMUM BREATHING 
IN 41 PATIENTS FOLLOWING OPERATIONS 


I—I STUDIES AFTER RESECTION 
■i STUDIES AFTER RESECTI0 
AND THORACOPLASTY 



CAPACITY ■ 
ATIONS H 

■ 

J 



1 2 3 4 5 

NUMBER OF SEGMENTS RESECTED 

Ffg- 2 


p P B 
LUNGS 


ai 


theiapi pnoi to opeiation Vanons schedules and dosages weie eniplo'ei 
coiding to conteinpoian piactice Vei\ tew patients had long, unmtcmipt 
couises ot stieptoimcm pnoi to opeiation Stieptonn cm sensitn it\ stn< a- 
weie not earned out loutmeh Howe\ei, all patients nuclei going operation 
weie gnen the antibiotic Out nnpiession that this piactice is ot mbit nP! Har 
to lie shaied bj others 13 

Yentilaton stucbes weie peitoimed picopeiatneh and postopeiatneb on 
41 patients The insults are summarized m Fig 2 There was a lauh dehm c 
conelation between the numbei of pulmonaij segments lenwed and P°^ 
operatne change m mavnnum bieathmg capacity, as indicated bj the slope 0 
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fie broken line When more than 4 segments were resected, the maximum 
breathing eapaeitv dropped below the preoperative leveL "When 2 3 or 4 seg¬ 
ments were resected, tlieie was definite impiotement in the maximum breathing 
capautv m comparison with the preoperatne deteiminations When partial 
rem-tion and thoraeoplastc weie penoimed the final maximum breathing 
eapaeitv was not markedly changed irom the preopeiative tallies There was 
one notable exception, as seen in the chart, where 6 segments were lesected and 
subsequent thoracoplastv resulted in marked improvement or respiratory runc- 
t’oa The dimmution of function was greatest in the pneumoneetomv-thoraeo- 
plahi group, as seen above P m the chart An exception to this rule was noted 
in the bronchiectatie cases (P B in the chart), where slight but definite improve¬ 
ment in iunetion was found tollowing pneumonectomy and thoracoplastv 

Tuberculous complications are listed in Table III Bronchopleural fistula 
Occurred in S instances, 1 iollowing pneumoneetomc, 2 iollowing lobectomv and 
o iollowing segmental or wedge resection Thoiaeoplastc was peitormed m 6 
Hhiancos with lesultant cure of fistulas The remaining 2 patients de\ eloped 
unpuma and 1 of these died Spread oi disease occuned in 3 instances These, 
together with 3 late leactnations, responded iavorabh to streptomvcm therapy 
Ueeration ot the bronclual stump occurred in 4 instances all of which had 
pre-uperatne bronchostenosis This incidence oi 33 3 pei cent ulceration in the 
brunihwtcnotic group was not seuous how met as the lesions responded readih 
to itreptonn em tlicrapt 

The euect ot piolonged (and usualh intermittent) preoperatne strepto- 
rnuitl therapt on complications is anahzed in Table IV Although the results 
ei mdi a small series cuinot be taken as statistiealh sianihcant, there appears 
|° be some eudence that piolonged internment pioopcratne antibiotic therapt 
“d a deleterious efteet in etery categoit This mat be au uniair conclusion 
to the light ot die iatl that those patients leeemng long courses ot streptomycin 
wre liielnied to hate moie extensne and more seuous ehsease than those re- 
u to-' short courses ot streptonnun 

p ^c '-Uect ot posti-eseetiou thoracoplastt is similarly anahzed in Table V 
■uraioplaatt did not mipiotc the results in im category except bronehopleural 
Uu 1 U was uiratne in etut instance in whieh it was emplotcd 
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T \ble V Relationship of Complications to Resection With and 
Without Thor vcoplasty 


PER CENT OF 
RESECTIONS 
WITHOUT 
THORACOPLASTY 


PER CENT OF 
RESECTIONS 
WITH 

THOR VCOPLASTA 


Early complications 

Bronchopleural fistula 7 6 0 0 

Bronchopleural fistula and empyema 13 3 S 

Postoperative spread 0 0 115 

Late complications 

Reactivation 0 0 3 9 

Ulceration of bronchial stump 0 0 5 2_ 


Nontubeiculous complications are listed m Table VI There Mere 13 pa 
tients m this gioup Although some of the complications weie seiious, the re¬ 
sponses weie favoiable with appiopnate tieatment 


Table YI Nontuberculous Complications 


Wound infection 

Atelectasis 

Bronchopneumonia 

Hemolytic icterus 


Postoperative hemorrhage 


Clotted hemothorax 
Toxu, psychosis 
Accidental phrenicotonn 


number of cases I _ REMARKS ______ 

4 This does not include empyema 

3 All responded to aspiration or bronchoscopy 

1 Responded to treatment with antibiotics, 

apparently not tuberculous 
1 This occurred twice in the same patient, 

extensive studies failed to reveal t e 

etiology , 

1 Chest was reopened, severe bleeding 

apparently emanated from a bronchia 

1 Responded to treatment with streptokinase 

and streptodornase ._. Iv 

1 This occurred immediately postoperative^, 

patient completely recovered 


Theie weie 3 deaths in the series, which placed the opeiative morta i} “ 
2 8 pei cent and the case moitality at 3 pei cent The causes of death aic is 
m Table VII In the ease listed as caidiac anest, theie weie some signing 
observations which deseive comment The anesthesiologist noted that lesp ^ 
tions ceased before the heart stopped beating This patient was known to a ^ 
a very flexible chest wall and compiessible sternum, apparently' pro uce J 
previous thoracoplasty When she was placed in the prone position an ^ 
chest opened, theie was a close approximation of the sternum to the u h ]CSj 
column Because ot the development of lespnatoiy and caidiac i jj 
the patient was turned fiom the pione to the lateral position In spite o ^ 
the usual and accepted measuies dnected at lesuscitation, the patient cie 


Tvble VII Causes oi Death 


Cardiac arrest 

Thrombosis of pulmonan artery 
Empiema and bronchopleural fistula 


Total 
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large canty, a Hedge resection of a 3 cm tuberculous abscess of the lower lobe nnd eiusion 
of 2 small pleural abscesses Postoperatively, the patient had an uneventful course 5 ray 
pictures were satisfactory, and sputum remained negative On Sept 13, 1951, vital capauty 
was 2 6 L and maximum breathing capacity was 92 2 L per minute She left the hospital 
agamst advice on Nov 16, 1951 Examinations since that time have revealed no evidence 
of exacerbations of disease 
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Case 2—A P, a 27 year old white woman had a diagnosis of pulmonary tuberculosis 
made in 1944. Sputum was positive for acid fast bacilli, and x rav examination showed 
evidence of bilateral pulmonary involvement with cavitation on the right Bight pneumothorax 
ins tned but was not successful Two temporary phrenic operations on the right were per 
formed on Aug 31, 1944, and March 1, 1945 On March 5, 1945, pneumoperitoneum was 
farted but immediately discontinued because of unsatisfactory cbnieal response Following 
long continued bed rest, the patient improved and was discharged m Mav, 194b LVhile at 
tome un a modided rest regime, she had a relapse of her disease with positive sputum She 
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was readmitted to the sanatorium on. May 12, 1918 X ray examination showed increase o: 
disease in the left lung Streptomycin, 1 Gm daily, was started on July 27, 1918, and coa 
turned for 45 days Roentgenograms showed improvement, and she was started on grndnatec 
exercise In July, 1949, another relapse occurred with cavity appearing in the right lung 
and sputum again became positive After further rest, the cavity closed, and sputum con 
verted to negative In April, 1950, she again started exercise, which was followed by anothe 
relapse in. August, 1950 On Aug 29, 1950, streptomycin, 1 25 Gm. daily and para amino 
salicylic acid, 10 Gm daily were started 

Because of repeated relapses of bilateral pulmonary disease, the patient was transform 
to surgery Preoperative roentgenograms (see Fig 4, A and B) showed mfiltrabon in botl 
apical regions of the lungs, and the lammagram showed suggestive evidence of a smal 
rarefaction in one of the densities on the left The first segmental resection was earned on 
on the left lung on Nov 10, 1950 This consisted of excision of the apical and posteno: 
segments Examination of the specimen showed several conglomerate tubercle formations an( 
some liquefaction in the center of one of the larger masses 

The patient’s last positive sputum (on culture) occurred on Nov 6, 1950 Streptomycu 
and para aminosalicylic acid, which had been started in August, 1950, were discontinued oi 
Dec 12, 1950 Because of the presence of lesions in the right lung, the patient was nllowec 
a period of rest and then started on a final course of streptomy cm and para aminosalicylic acn 
on Feb 9, 1951 This was continued until March 13, 1951 On Feb 13, 1951, an operatioi 
consisting of excision of the apical and posterior segments of the right upper lobe wa 
performed Upon examination, several small caseous foci were found, but no cavitj wa; 
present Postoperativoly, the patient’s convalescence was favorable, and she bas remains 
well 

CONCLUSIONS 

A review of the recent literatuie, as well as our own expenences, reveals 
that treatment of tuberculosis by lesection is not only a safe, but a biglih 
effective, procedure The eaily lesults compare favoiably with those of tlioraco 
plasty Postoperative deciease m ventilatory function is less than that follow 
ing thoracoplasty since collapse is neeessanly greater when the latter procedure 
is employed as a therapeutic measure Although a numbei of years must elapse 
before this senes can be completely evaluated, we have not noted a high mci 
denee of late complications m the earlier cases 


SUMMARY 


1 Expenences with 107 resections for tubeiculosis upon 101 patients are 
reviewed 

2 Eighty-two patients (83 7 per cent) have negative sputum and roent 


genograms 

3 Morbidity, both early and late, has been relatively slight 

4 There was an operative mortality of 2 7 per cent and a case niorta it 


of 3 per cent 

The authors wish to express their appreciation to the Medical Staffs of Cedorc 
Laurel Heights, Uncas on Thames and Undercliff Sanatoria for the part they lia\e pay' 
the treatment of these patients, and to Dr Phyllis C Frost, who skillfull' aduunis <• 
anesthesia in almost all of these operations 
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LOCALIZED PULMONARY HYPERTROPHIC EMPHYSEMA 

Mark H Wili iams, M D 
BrXGHAilTON, N Y 

L OCALIZED pulmonarv hypertrophic emphysema is an extiaouhnanh rare 
i type of cystic disease of the lung In several lecent articles, clinical 
ladiologic, and pathologic data have been published which indicate that the 
disease is a definite entity and that it is congenital in origin The radiologic 
features follow a latliei easily recognized pattern, and peimit the diagnosis to 
be made with considerable accuiacy In the five articles on this subject pre 
viouslv published, ten examples of the disease have been desenbed The two 
adult patients in this gioup are not entnely acceptable foi consideration, m 
one of these 1 the disease was an incidental antopsj finding, and in the second 
patient 2 theie was associated sarcoidosis of the lung and hilar glands All of 
the eight remaining cases 3 J oceuried in infancy 01 early childhood These data 
indicate that the disease is not compatible with long survival, and that operative 
treatment should be instituted piomptly when the diagnosis is made In the 
following leport another infant having this disease will be described The pa 
tient was subjected to lobectomv , two episodes of caidiac anest occiuied duung 
the pioceduie, but the patient made a good lecovery 


RCPORT OF CASE 

Tins mfant presented symptoms of astlimn, and this disease was present in other men 
bers of hi a family "When first seen, the patient had a superimposed acute laryngotrac leo 
bronchitis, and this served further to confuse the diagnosis The chest roentgenogram 
gested obstructive emphysema, and a bronchoacopic examination was made in «eanh o 
foreign bod} Marked emphysema limited to the middlo lobe of the right lung was 
at operation. , 

A poorly developed, malnourished, 7 month old male infant, who was d)Spneic ^ 
birth, was admitted to the hospital* on Dec 26, 194S, because of cough, d)spnea,^^ 
cyanosis The history recorded that wheezing and dyspnea had been present since 
and that a diagnosis of bronchial asthma had been made Symptomatic relief ha 
obtained with Adrenalin on se\eral occasions The infant's temperature on adnu-'Mcm 
102° F , the chest was barrel shaped, respiration was rapid, with audible inspirator) ^ 
expirator) wheezing There was moderate inspirator) retraction at the costa arc 
jugular notch The admission diagnosis was acute tracheobronchitis and bronchia a9 ^ 
A chest roentgenogram demonstrated hyperaeration on the right with partinl a ^ C ^ t ^ atert j 
the lower lobe The heart and mediastinum were displaced to the left (Fig 1) c 
view demonstrated increased anteroposterior diameter of the chest (Fig 2) j 

The signs of tracheobronchitis subsided prompth, but the wheezing, dyspnea; ^ 
roentgen findings remained unchanged At this time it was believed that wc were 
wuth some unusual manifestation of tracheobronchitis, and that extrinsic pressure 
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enlarged bronchopulmonary glands, or, possibl), a foreign bod) was producing obstructive 
emphysema A bronchoseopic examination was made, diffuse inflammation of the tracheo¬ 
bronchial tree was seen, and no foreign bod) was found Following thi 3 procedure an mute 
exacerbation of the patient’s s)mptoms occurred within forty eight hours The infants 
respirator) distress became extraordinarily severe, his temperature fluctuated between 100“ F 
and 105° F, and for a time it appeared certain that he would not recover At the end of 
one week aureomvcin was administered, remarkable improvement followed almost immediatelv, 
and the infant’s temperature was normal within tw enty four hours Two weeks later the 
patient was discharged, at this time the roentgen findings were unchanged, and he con 
turned to present symptoms and signs of asthma 

Following his release from the hospital the infant’s condition remained stationarv 
He was readmitted five months later for a period of one week, at which time he had an 
acute upper respiratory infection with exacerbation of his symptoms A tuberculin test was 
negative, and he gave a one plus reaction to several allergens The chest roentgenogram 



Flu a—This preoperatlve roentgenogram was exposed ten months after t . | 0 bc 
traded In Fig 1 The emphjsema Is more extensile and Increased collapse or 
of the right lung has occurred The mediastinum is now widelj displaced to 1 


was identical in appearance to that seen during his original admission At this * 1IU ° a ^ 
nosis of c)stic disease of the lung was made An operation was done on Oct. 11, 1 > ^ 

intratracheal ether oxvgen anesthesia, the patient was then 17 months old The preop' 
tive chest roentgenogram is shown in Fig 3 ^ ^ 

Operation—At operation the enortuouslv enlarged cmph\sematous right mIt ^° 
bulged out of the wound as the pleura was opened The upper and lower lobes " erc ^ 
completely atelectatic The vessels and bronchus of the middle lobe were elonga , 
lobectomy wu 3 ensih done bv individual ligutiou technique The patient’s con ition 
excellent up to the time that the lobectoim was completed Cardiac arrest then 
ventilation of the lungs and cardiac massage was immediatelv done, and vigorous 
returned after about one minute Drains were placed and closure was started when car > 
arrest again occurred Resuscitation for about one minute was again followed b) recovt > 
the operation was then completed without incident 
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Grotj Pathology * —The specimen measured 11 by S cm The surface was pale white, 
L.J was studded with numerous subpleural blebs which measured 4 to 10 mm . in diameter 
It am, feather! m .onaistcnc! , on section it uas spongebki , tliere n is no gross abnomialit> 
of the larger bronchi (Fig 4) 

Muroscopic Findings —The peripheral portion of the lung consisted of large ballooned 
cat spaces produced bj intercommunicating nheolnr sacs In places the alveolar ducts up 
to and including the respiratory bronchioles formed part of the wall of these spaces These 
thblihe structures were apparently formed by destruction or absence of interalveolar septa. 



lu ri mo. .A This roentgenogram ot the operathe specimen ecus exposed about one hour after 
*s mcnt\.' c :> httie collapse occurred although the bronchus uas not clamped and the 
trvunvc <r! i lnlla tcd The dcnslt> In the hllur area Is l hematoma produced b> opera- 
Crccj ‘pedme 5 * 11 slu,1 > actually demonstrates the p.ithologl better than the dissection ot the 


-rrc 

te 

1 * 

t t! 


of thi'w M.pta rciculcd marked bulbous thickenings in otlu rs the interaHeolar septa 
tttrinih delicate structure's lined with llatteued cells ''Otnc ot the alveolar spaces 
' ^ I ir < i ipitatid ilbuminous edema dual, a fi'\ small foci of low grade lnllam 

reaction uire pn ent This picture suggests a t'pc of ion„cnital c\stn di-cmc 

n -, in whnli the teruiinil uid rc-piraton bromhioles do not constitute the maior 
,i{ e picture 


I'ritiic Course—The p itieut reaetc 1 prompth follonin„ the operation, and con 
_ ' L " r 'pi 1 Uhl without ine-nl. at Hu upj« r an 1 h.u r loU-s , xjcindi 1 Jarfc-oth 

“ ,,v prim ir\ union, and the piticnt was discharge 1 from tile ho pitnl on the 

I tojcrmie due 
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Subsequent Course —Following his discharge from the hospital the patient’s barrel 
chest deformity was rapidly corrected, and he has remained well He has beea followed 
for over two years and now appears to be normal in every way A chest roentgenogram 
exposed fourteen months after operation is reproduced m Fig 6 

REVIEW OF LITER VTURE 

Clinical and Radiologic Data —Data leferable to the abote patient and the 
othei pievioush published examples ol this disease have been assembled in 



Fig 5—This photomicrograph demonstrates the extensile pulmonary emphjsenm- 



1 fpn uJcS 

tie 6—This negative postoperative chest teleoroentgenogram was exposed 

operation. 
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Table I Although they ha\e been included in othei leports, neithei of the two 
adult patients appears to be entirely acceptable foi studv Excluding these two 
patients, nine examples, all occurring m infancy 01 early childhood, leniain tor 
analysis Seven patients were males and two weie females, wheezing, (hspnea, 
cyanosis, and sternal retraction were the outstanding symptoms The disease 
was limited to a single pulmonary segment m one instance, in the remaining 
eight the piocess was confined to a single lobe The upper lobes and the right 
middle lobe weie involved with equal frequency, there was no example ot the 
disease oceuirmg m either lowei lobe Chest roentgenogi ams of eight patients 
were made In every instance these studies demonstrated hyperaeration of the 
affected lung with decreased lung markings, mediastinal displacement towaid 
the eontialateral lung, and vanous degiees of depression of the diaphiagm and 
widening of the mteispaees of the involved hemithorax The loentgenogram of 
Shaw’s Case 2 was identical to that of the patient repoited heie In both pa 
tients the disease involved the middle lobe of the light lung, and in both the 
partially atelectatic low r er lobe on the same side was clearly demonstrated 

Tieatment —Lobectomj 01 segmental lesection without moitalitv was ac 
complished in seven patients One patient, whose chest was deflated with a 
needle, developed a tension pneumothorax and subcutaneous emplnsema tol 
lowed bv a fatality Thoiaeentesis was done m anothei instance with the 
oceuirenee of tension pneumothoiax Tlus complication was successful!v man 
aged by continuous subaqueous deflation This patient was subsequently sub 
jected to lobectomj and recovered This experience should condemn aspnation 
as an ineffectual and dangeious procedure in this disease 

Pathology —Suigical specimens or autopsy matenal has been available m 
all of the patients undei consideration The gross appealance of the involved 
lung was lemaikably umfoim Its suiface was white or pale pink, with 
numerous subpleuial emphjsematous blebs, on palpation it was feathen, and 
on cioss section spongelike m consistency At opeiation the diseased area 
usual!j filled the entire hemithorax, and frequently bulged out ot the woum 
when the pleuia was opened Unmvolved lobes on the affected side were par 
tially or completely atelectatic The vessels of the involved lobe 01 segment were 
smaller and longer than average Follow nig lesection excellent expansion o 
the compressed lobes oceuned . 

Inflammation was notablj absent m the microscopic studies The atria an 
alveoli weie distended, septa weie frequently ruptured, and the alveolar wa 
weie usually thin Collapsed bionchi with aieas of atelectasis alternating wit 


distended an sacs weie present m one specimen 3 

Etiology — The onset of symptoms at, oi shortly aftei birth, and tie 
roentgenographic evidence of extensne disease in the first weeks of life, togc e 
with the absence ot inflammation in the surgical and autopsy material, a 
stronglj indicate that this disease is congenital in ongin Anatomic anoma its 
which might place this disease in the category oi an acquired or developnienta 
defect hare been proposed A calve mechanism produced b> a fold of mucous 
membrane m the stem bronchus of the invoiced lobe was believed b> Roves 
be the etiological tactoi in his case Robeitson and James 1 also found sue i a 
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told in one of their patients In anothei instance the latter authors beliei ed that 
a thin called bronchus might have been eompiessed bi a large adjacent vein 
Shaw round unusually flaccid bronchi in his operatn e specimens, and has sug¬ 
gested that a localized bronchial eliondiomalacia might be the underlying 
pathology An excellent discussion and ie\ie\v of the literature rele\ant to 
thb aspect ot the disease are included in the article ot Leahv and Butsch 3 

SUMM \R\ 

Lobectomv m an infant having massive hvpeitioplne emphvsema ot the 
middle lobe of the right lung is lepoited Two episodes of cardiac arrest occurred 
during the opeiation, but the patient made a good leeoveiv The literatuie 
relevant to this disease is leviewed, and the clinical, ladiologic, and pathologic 
data are summarized All ot the nine well-documented examples ot the disease 
thin lar published haie oceuued in mtanci 01 eaih childhood Among these, 
si-iea were subjected to lobeetomv 01 segmental lesection without moitality 
Tlie available information indicates that the disease is a clinical entit\ ot con¬ 
genital origin, and that lesection should be done piomptlv when the diagnosis 
b made 
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ACUTE TUBERCULOUS FIBRINOUS BRONCHITIS 

Mark H Williams, M D 
Binghamton, N Y 

F IBRINOUS bronchitis comprises a genenc gioup of bionchial inflammatory 
diseases "which has as its characteristic clinical feature the formation of 
bionchial easts The expectoiation of casts of the bionchial tree is such a 
smgulai clinical phenomenon that the disease has been recognized since the 
time of Galen In spite of its long history, only about 200 cases have thus lar 
been reported 8 In the majority of these patients the bionchial inflammation 
has been produced by one of the common pyogenic baetena, examples ot the 
disease due to Myobactenum tuberculosis are exceptional In the following 
leport a patient having fibiinous bionchitis of tuberculous etiology will be 
described This patient presented the clinical pictuie of severe anoxia due to 
bronchial obstruction At bionehoseopy inspissated tenacious bionchial casts 
weie found, the lemoval of winch lequned a foieign body forceps Tracheot 
omy was necessary and the patient subsequently developed a bi onclual stricture 
and bronchiectasis which requned pneumonectomy 

REPORT OF CASE 

A 38 year old woman, who had had tuberculous cervical adenitis twelve jears pre¬ 
viously, developed wheezing' and a dry cough following an upper respiratory infection t 
diagnosis of bronchial asthma was made, cldoramphemcol and nntihistnmino therapy were 
administered without benefit Paroxysms of coughing with dyspnea and cyanosis developed 
within a few weeks, with progression m their frequency and seventy Ten weeks later the 
patient was hospitalized after a particularly severe exacerbation of these symptoms 

On admission to the hospital on March 11, 1951, the patient’s temperature was 101 F, 
the pulse rate was 120, the respirations were 10, she was pale, and her fingernails were 
definitely cyanotic In addition, she was weak, hoarse, and hnd a dry, brassy nonproductive 
cough Physical examination demonstrated no significant findings other than distant breath 
sounds over the entire left lung The white blood cell count was 21,000, with 78 per cent 
neutrophils, the red blood cell count was 4,330,000, the hemoglobin was 78 per cent, the 
urine contained a trace of albumin A chest roentgenogram was negative (Fig 1) ^ 1< " 

admission diagnosis was bronchial adenoma 

Two day3 following her admission, the patient had a severo coughing pnroxv m 0 
lowed by alarming dyspnea and cyanosis which was not relieved bv oxygon Bronchoscop' 
was done ns an emergency measure Catarrhal inflammation of the larynx and trachea was 
present, and the left mam bronchus was found to be almost occluded by tenacious, firm, 
grayish white, inspissated materia] This could not be aspirated, and it was laborioush re¬ 
moved in small fragments using a foreign body forceps After the removal of the e e-t, 
bronchial mucous membrane was seen to be intensely inflamed, it bled on contact 'edit t 
aspirator At the end of the proceduro the patient's anoxia was relieved, she then ‘•-d U P 
on the operating table, coughed effectually, and raised several additional pea sized f nl o 
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c. au of identical material During the next twenty four hours a recurrence of the alarming 
r^piratory distress required a second bronchoscopy with removal or inspissated secretions, 
this procedure was followed lmmediatelv bv a tracheotomy * 



1 —-Tliid cheat roentgenogram was exposed a few hours before the first broncho 
hr,«^.\r° Ct ure Koth lungs are well aerated although signs of obstruction of the left main 
cent l/}? i\? rc pr t cseQ t. This study was txllcved to bx. n*.gutl\t but In retrospect the promt 
l c y} lul nJJum shadow suggests the prt'tnci of Jlstast. In the superior pigment of the lower 
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Postoperative!}, frequent tracheal aspirations with a prostatic type catheter were 
effectual in clearing the tracheobronchial tree The septic fever continued, and tho chest 
roentgenogram demonstrated a scattered infiltration m the lower lobe of the left lung (Fig 1) 
A specimen of the material collected at bronchoscopy for culture was erroneously sub¬ 
mitted for biopsy It contained gram positive cocci and gram negative bacilli, no acid fast 
organisms were found Secretion aspirated after tracheotomy yielded a growth of sovcrnl 
pyogenic organisms Antibiotic therapy with penicillin was started, no response was ob¬ 
tained, and this agent was followed by terramycin The patient improved following ad 
ministration of the latter antibiotic, but she did not become afebrile until three weeks after 
the operation At this time the tracheotomy tube was removed and the patient was dis 
charged from the hospital, although the infiltration in the left lung was not entirely re¬ 
solved 



Fig 3 —This photograph of the left lung demonstrates the Inflammation ° , ,u s easy 

and the extensile suppurative and caseous disease In the lower lobe me or j a much 

has not progressed to the stage of stenosis and the narrowing of the main Druuv. 
less prominent than would be expected from its appearance at bronchoscopy 


Following release from the hospital the patient failed to make satisfactory P r0 ° a 
The tracheotomy sinus did not heal, the septic fever recurred, she again de\e op*. 
severe brassv cough and raised a large amount of purulent sputum I lie in auini ^ 

process in the lower lobe of the left lung did not resolve, and a now area of in i tr ^ 
appeared in the upper lobe Sputum cultures were made, and eight weeks later on 
these was reported positive for tuberculosis Numerous additional cultures were neg 
before this finding was confirmed A bronchoscopic examination at this time demon 
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i .ie iadammation and marked narrowing or the left bronchus. It was then obvious that 
cvere bronchiectasis was also present, and the patient was accordingly prepared tor 
I- Anoncctomv A good remission of symptoms iollowtal six weteks* therapy with PAS 
s-1 treptotnecim Pneumonectoma was done on Oct 30, 1051, under intratracheal ether 
lichen anesthesia using the prone position A bronehoscopic aspiration was done at the 
ct 1 of the procedure 

Fortv eight hours after operation the patient began to develop slight hoarseness and 
mScultc in raising bronchial secretions, which were unusually viscid. Progression of 
tie e symptoms occurred during the next twent' tour hours, and the patient required 
oijgea. V tracheotomy was then done, a large amount ot ropv, viscid, purulent secretion 
ms cacuated, with striking rebel * Convalescence therearter was uninterrupted. The 
tr.cieotomc tube was removed alter one week, and the patient was discharged ten da\s 
htcr 



• This roe ntuenocram was expose! »cccn weeks after pn umonectom> V modified 
tlior icupl isle has ben done the rkht lunp is clear 

f* r c < I nth ituyy i—The main bronchus, its major branche- and am the -trailer rami 
•* 1 J ' ere nllcd mill 0 ra\, tenacious, purulent m ite rial Both lobes Were onh parth 
i Tic upper Icils. in its lower four nulls was airlc-s and rublnra The medial por 
1 1 Ij' er lube w ls atelectatic and nodular Multiple de-crctc gracuh, -mall, whit 

'ct, i a tell immured up to o mm were pre cut in both libes, the c foci were k s 

' r 'diatk uiijcrblic (h, ,) 

FiiJinjj—Th main bronchus showed ab cnee of epithelium with forma 

“ ut mil uueal grunulitiun ti-'Ui liro iclu of all -ir^, were ebaraet meal be a 

, J1 ' :, e mnltration with (eirtial or lOjqkt de-true Hem of museularei with re 

' ' - *U a fe e «,f th 1 er„e r bronchi, rar Ij i„Ii us pint cell- a u re pis'- nt m 

a, 1 ut with no rinulo n i lori latioa 
Vil 

„ J T x> pulnoiiira Jeii.nhaim depla\ i nuierous lar„e ml snail, h< 
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numerous scattered multmucleate giant cells of the Langhans type In man) instances, 
especially in the larger granulomas, centers of caseous necrosis were prominent. Lymph nod a 
from the hilar area were likewise involved by an identical process 

Subsequent Course —A two stage thoracoplasty was completed a few weeks later follow 
ing which the patient has continued to make excellent progress All postoperative eiannna 
tions of the sputum have been negative, and the patient is now doing her own housework. 
A recent chest roentgenogram is reproduced m Fig 4. 

ETIOLOGY 

Fibrinous bronclntis has received comparatively little attention in the 
recent liteiatme, and a 1 eview of the subject has not been published since 
1920 28 2lost of the communications have been isolated ease lepoits, mam ot 
which aie incompletely documented, a large peicentage of these publications 
lias appealed in the foreign liteiature Both acute and chiomc types of the 
disease ha\e been described, the acute loim is compaiatnelj uncommon The 
bactena which bate been cultured from the casts include stieptococci, staphlo- 
eoeci, coiynebactenuni, diphtheria, Klebsiella pneumonia, ilyobacteimm tuber 
eulosis, and Hemophilus influenza 

A bewildering vanety of both thoracic and constitutional diseases lias been 
associated with the foimation of bionehial easts In the pulmonary group are 
included asthma, influenza, pneumonia, tubei eulosis, congestive heart disease, 
bionehial compression due to any cause, and the inhalation of various noxious 
agents The constitutional group includes measles, typhoid ievei, scarlet 
fevei, erysipelas, smallpox, pemphigus, aud impetigo 

Walkei 28 expressed the view that the expectoiatxon of casts may be either 
symptomatic oi idiopathic It was his opinion that libiinous bionchitis actual!' 
is a disease entity, but that tlus diagnosis should not be made if the foimation 
ot the easts were l elated or secondary to another disease The association oi 
bronchial casts with, various bacteria and many unrelated diseases makes it 
difficult to accept the concept that fibrinous bionchitis actually is a disease 
entity 

An allergic basis foi the disease has been proposed, and this thesis is 
supported by its association with asthma - * and mciease in eosinophils 1 C° m 
panson of the disease with mucous colitis has been made 8 2S A metabolic is 
tuibanee ot the bionchi 11 has been pioposed In addition, it lias beeu suggest 
that the disease is a type oi neuiosis -8 oi that some infectious, chemical, or 
pliysiochenncal agent is the responsible etiologic iactoi 23 

From the above it is seen that a satisfactory explanation foi the oecuiiciiu 
ot these easts has not yet been advanced It does seem clear, however, that t a 
acceptance of fibrinous bronchitis as a disease entity is at best a tenuous con 
cept At this time it appears acceptable to consider these casts as a cluing 
phenomenon due to au abnoim.il lesponse ot the bronchial glands, and epit a 
uni to a bactenal, thermal, oi chemical lintant Clinically, the formation o^ 
bionehial casts appeals, to occupy a position somewhere between diphtheritic 
membranes and the bronchial crusts which may form after tracheotorn' 
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patients ha\mg acute tiaclieobioncliitis In these diseases extensive destiuction 
oi epithelium in the foimei and the diying eftect ot tiacheotomy m the lattei 
appear to be the nuportant etiologic tactors 

TIIL BRONCHI YL C YaTs YND YasOCI YTED BRONCHITIS 

The physical piopeities ot biouchiai casts aie taiily uniioini They aie 
white or gray isIi-w lute in coloi, latliei film and mbbeiy in consistency , thee 
are occasionally blood stamed' 1J In tepical examples the laigei blanches aie 
tubular, the smallei blanches aie usually solid u ' 10 =3 ilicioscopic studies 
demonstrate a mucous or gelatmous matiL\ with intei lacing fibuls of fibun 
Tlic easts commonly contain epithelial cells, led blood cells, leukocytes, and 
\anous bacteria Descnptious ot the associated bionchial pathology \aiy con¬ 
siderable, lellecting the intiequcnt autopse and bionehoseopic studies that ha\e 
been made Loss ot epithelium,^ bleaks in epithelium, and excessne numbers 
ot mucus secicting cells ot the bionclual glands' li.ne been desenbed Calla¬ 
han'" reported that bionchoscope showed his patient to ha\c noimal bioncln ten 
da\s alter the expcctoiation ot casts 

TCUl-RCLLOLS llRONCIiniS 

Mthough this aiticle is coneeitied with a tubuculous \anant ot hbiinous 
bronchitis, it stems appiopnah to summaii/e those Latinos oi tubeicu- 
buis bionclntis which aie genn.inc to this discussion B\ contrast, tuber¬ 
culous bronchitis is a common disease in a lecent aiticle 500 ensis weie icpoited 
be a single ohsciYti ’■* A \olummous litciatuie on this subject has accumulated 
'nice 19JL when lllocssei lu called attention to the lmpoitanie ot tuberculous 
bronchial stenosis It is now well established that tubeiculous bionclntis is a 
common complication m patients Inning ad\anccd pulmonaiy tuberculosis In 
''ncptioml instauces bionclual disc ise ma\ iollow the rupture ot a caseous 
'nipli node into the tiachcobionchial ticc 3 1 Exunples ot tubeiculous bion- 
'biiH ui patients lining little oi no puliuonaiY tubeiculosis aie conipaiatneh 
r ‘ rL 1 ' Bronchial mtcetion lias bun tound to be an lmpoitint iiiita\orable 
Litor m the prognosis ot p none In mal disc isc, and m addition is commonly a 
nous ch tcriciit to the bciutits oi coll ipse tluiapc 1 - It has been established 

" l 1 piriicitluh gia\c piognusis is on isioncd b\ bioiicluil stilctuic is.so 
111,1 U1 'b poststenotic pulmonale suppui it ion uid tint the most s itisl.u toi \ 
^'iiimnt lor puiciits m this citcgoic is nscctnm * Conti in to wh.it might 
'M'nttd, spuilm uHruiu to the isxm i ilicui ot tibruioiis hioiiclu il c istswith 
11 " n ulotts hroiu lulls h is not he c n tound 


\o\n nntu i oi i uuiiNoi > m incnui' 

1 ibi uhiUs bioiu Intis inn be u uL oi ilironu In wlnt ippe m n, b. m 
1 1 U 1 siilaln csion, a thud un uuhb I it tl i\ pc b is hui me mlulled m wlucli 
ar< not c\p<.turned but ire disco\iled it nilopsY ' In genual, the 
lv l> '- w om in which tin constitution d s\niptonis in scun tin couim 
’bn L is bint Un dims* tcriniiuimg ciiln r m <h nh irom ispinxu or 
’ rs wthuut riciirn im 
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Two recently lepoited examples of the acute form of the disease arc of 
interest Johnstone’s 1 ' 4 patient was a 21-yeai old student muse who presented 
signs of an acute lespnatory infection with fevei, taehyeaidia, and increased 
lespuatory late Within twenty-foui horn's she developed e\tieme e\pnator\ 
dyspnea, harassing cough, and cyanosis Tins episode was teinunated by the 
expectoration of a laige bionehial east Signs of anoxia lecurred and were 
progressive, eighteen horns latei an emeigency tiacheotony was done, and 
additional casts weie lemoved wuth forceps The patient died a few hours later, 
the duration of her illness was less than two days The second patient 18 was an 
infant, 20 months old, whose illness also began with signs of acute bionchitis. 
Dyspnea, cyanosis, and radiological evidence of atelectasis of the right lung 
developed within five days At bronchoscopy fibiinous material occluding the 
light main bronchus was removed with the aspirator and forceps The patient 
lecoveied lapidly and was discharged nine days later Comparatively few 
otliei publications lecoid the occur lence of atelectasis 13 ’ 10 17 22 23 or the bioncho- 
scopic lemoval of casts 12 13 

The chiomc form of fibrinous bronchitis is the one most commonly en 
counteied Examples of this type usually occur in middle life, and the patient 
geneially gives a history of pievious attacks of acute bronchitis with chills and 
fevei Characteristically, the patient has lepeated bouts of severe paroxvsmal 
dyspnea and cough which terminate m the expectoration of a bionehial cast 
A peeuliai inspiratory flapping sound, produced by movement of the partialh 
separated casts, may be heaid ovei the affected lung 20 This physical sign is 
repeatedly descubed in the liteiature, but is raiely heaid 

The casts lesemble cuidled milk m appealance, they are best seen by mi 
mcrsmg them in water, m tins vvay blanching to bionehial divisions as small as 
those of the fifth oidei may be demonstrated As many as six casts may be 
expelled in a single day, 0 and this may r continue for weeks oi even months 
Recovery may be followed by r lecuirence of the symptoms aftei an interval of 
months or years 


TUBERCULOUS FIBRINOUS BRONCHITIS 

Information regarding the incidence of fibrinous bronchitis in pulmonarv 
tuberculosis is fiagmentaiy Noins and Landis 20 did not encounter a single 
case among the patients seen duimg a thirteen-year period at the Henry Phipps 
Institute In addition, they saw no examples at autopsy among 662 mdividua 
having pulmonary tuberculosis The same authors, however, found tveiitv 
examples in the literature, tlmteen of which were discovered at postmortem 
examination Schrodei 21 ' observed five cases among 4,716 tuberculous patients 
Auerbach 2 reported one case observed at autopsy in a patient having extensive 
cluoiuc pulmonaiy tubeiculosis The evidence supporting a diagnosis o 
tuberculosis m the patient reported by Perlstein 22 is inconclusive His pa ie 
piesented massive atelectasis and immediate improvement followed the ex 
pcctoration ot a bionehial east The patient’s sputum was negative, the chest 
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roentgenogram suggested inactive tuberculosis m both upper lobes One must 
conclude that fibrinous bronchitis is a rare complication ot pulmonary tuber¬ 
culosis. 

DISCUSSION 


Vs previously noted, reference to the association ot bionclual casts with 
tuberculous bronchitis has not been lound It seems likely, nevertheless, that 
the patient described in this leport is an authentic example of tuberculous 
bronchitis and that tins disease initiated the foimation of the bronchial easts 
The Instore of tuberculous cervical adenitis and the absence of evidence of 
paruiclivnial disease in the admission chest loentgenogram suggests that ruptuie 
ot a caseous hniph gland into the lett In one bus mac have initiated the bronchial 
disease * The bronchopneumonic lesion in the lowei lobe ot the left lung ap¬ 
peared immediately following the bronclioscopie pioeeduie and tracheotomy 
This sequence suggests that the pulmonaiv infection was due to paitial bronchial 
obstruction and letamed puiulent seeietions himilai episodes following diag¬ 
nostic hionehoseopi occuiied in two of the eight patienLs lepoited bv Ornstein 
and Epstein' 1 It a diagnosis ot tubeuulous bionclutis had been established 
"ben the traehcotonn was done stieptomvein thciapv might have efteetualh 
prevented the piogross ot the disease which eventuated in pneumonectomy 
Considering the length and size of bionclual casts, it is lather suipiising 
'hat isphvxia 01 atelectasis has not been nioie eominonh lepoited This mav 
'^Plained m putt b\ the tact picvioush noted that the largei segments ot 
'he casts arc hollow, and thus usualh fail to cause complete bionclual obstruc 
111,11 Vs a consequence, some an can be mspned m the affected lung, the 
K ‘h"- blast ’ ot the cough mceliaiusni is pusuved, and the patient is oidmarih 
obh toixpcl the cast, although this ma\ be extiemeh difficult Vn explanation 
1 '* r> quire el tor the unusual diflicultv m expelling casts expellciiced b\ patients 
bn nig the. acute toim ot the disease This is piobabh clue to ail associated 
L '*rc bronchitis with destitution oi bronchi il epithelium Under such cn- 
1 wuMaiiuj, adherent casts and ineffectual cough would be mticipated 'severe 
'ntlaiuinntion ot the bronchial mucous nieinbi me was obscived m the patient 
r vported hire The radiological findings are varnblc" and the elicst roent 
is trcqnentlv negative, the occuricnco ot atclect isis Ins alreadv 

11 'in ntioiud 


mil ^ SUnL ' 01 ibe literature shows tint bromhoscopv has been lniTcquentlv 
11,11/H ^ 111 'itlnr the diagnosis or management oi libnnons bronchitis The tew 
I 'bits i ir published uul the ease described In re, show tlu ulvant igcs ot i 
^'/'""'-P' c approach to this problem In un unite. rc'.piratorv micction 
1 1 >■> ‘ompluated bv the development ot signs ot bnnnluil obstruction and 
' Vl1 the pfis-Mbditv ot librmous bronchitis should lu i nt» rt mu d mel bronchus 
1 1" riorimd Hit. devdopnn nt oi iiilssivi it. lccttsis under tlu.s» cm um 

J 1 I’oims to this diagnosis it tin pitnm s historv do.-, not suggest ( ,n, 


m 1-* w r n t ib uul u » i- r itl n but mjrr 
r br i I j uln unr) *,! n J 
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of the conventional causes foi this complication The physical piopeities ot 
the casts may lequiie then lemoeal undei dneet vision with foieeps Under 
such circumstances a tiacheotomy might be entirely ineffectual 11 Rcuurenu 
of casts may lequue tiacheotomy, but tins pioceduie should be piccedcd In 
their thoiough removal by bionelioseopy 

SUMiLARV 

A patient having bionclnal obstiuction and alaiming anoxia due to acute 
tuberculous fibiinous bionclutis is leported Bionchoscopic lemoeal ot casts 
and tiacheotomy weie lequned, the patient subsequently dee eloped, in rapid 
sequence, a bronchial stnctiue and bionehiectasis Pneunioneetomy was 1 en¬ 
quired, the patient leeovered It is emphasized that the occunence of atelectasis 
oi bionclnal obstiuction in the course of an acute lespnatoiy infection mae be 
due to fibimous bionclutis It is leeommended that bionchoscopv should occupi 
an important place in the diagnosis and tieatment ot this laie disease winch 
may be lapiclly fatal 
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BENIGN THYMOMA IN THE HILUS OF THE LUNG 

Case Report 

Jack D Thorburn, MD,H Brodie Stephens, MD , and Or\ille F 

Grimes, MD 
San Francisco, Calif 

R ECENT lepoits ill the liteiatuie 1 ’ 2 have emphasized the importance of 
eaily exploratory thoiaeotomy foi mtiathoiaeic tumoi'S which deft chm 
eal identification With more widespread acceptance of this surgical philosophy, 
tumors formerly thought to be very uncommon will undoubtedly be seen more 
frequently The case history to he presented is at the piesent time a lantv, 
although with the mcieasing number of diagnostic tlioi acotonues being per 
foimed the time incidence of this type of tumor may be established 


cvse report 

E P , a 37 year old white housewife, was referred on Oct 13, 1951, for diagnosis nml 
treatment of a mass in the liilus of the left lung The lesion was discovered on a routine 
roentgenogram of the chest There were no complaints referable to the mass, and no Iuston 
of cough, hemoptysis, or dyspnea could be elicited. No symptoms were present to sugj,c 1 
myasthenia gravis The patient recalled having had pneumonia in 1946, and roentgen 
taken at that time, which were subsequently obtained (Fig 1, A), showed the presence o 
the hilar mass It was suggested that additional chest films be taken one month after recoverv 
but, because of the absence of symptoms, the patient did not return 

Physical examination revealed normal vital signs, and no abnormalities were not 
examination of the lungs and heart Roentgen films taken at the tune of hospita iza ^ 
(Fig 1, B) revealed a homogeneous, clearly defined, smooth walled oval density in tie 
lung adjacent to the hilar region. The lateral x rav projection showed that tlio ulI ^ 3 ^ as< 
superimposed on. the other structures of the hilus When viewed fluoroscopically t c ^ 
did not pulsate, and no connection to the esophagus could bo demonstrated It move 
slightly with diaphragmatic excursion . , 

Bronchoscopic e xamin ation revealed no bronchial compression nor other abnorm 
Routine laboratory work mcluded urinalysis, complete blood count, sedimentation ra 
serological studies, all of which were normal wl3 

On the presumptive diagnosis of a bronchiogenic cyst, an exploratory thoraco o ^ 
performed on Nov 13, 1951 Tlio left pleural cavity was entered through the be 0 
fifth rib which was excised subpenosteally The tumor, measuring 2 by 2 5 bv 4 5 
located in the left hilar region at the base of the interlobar septum It was covtre a 
by visceral pleura, and medially was m close proximity to the pulmonary artt - n ^ ^ 
parenchyma of the upper and lower lobes covered its superior and inferior surfaces ^ 
salmon pink m color and was easily shelled out by blunt dissection, being attache a 
a small hilar blood vessel which was divided and ligated. Exploration of the left ^ ^ 
cavity revealed no further abnormality, and no thymic remnant was noted After 
eventful convalescence the patient was discharged on the tenth postoperative day 

From the Department of Surger> Division of Thoracic Surgery University of Calif 
School of Medicine, San Francisco 
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PATHOLOG1 

The oial mass, which was well encapsulated, measured 45 bv 25 by 2 cm , and on 
i-tion revealed a homogeneous fleshy, grayish pink surface Microscopically the mass was 
ijate cellular, and showed a well defined fibrocollagenous capsule Small lvmphocv tes 
ilivmoevtes; were the predommant cells, and scattered throughout the sections were mam 
Ha-els corpuscles composed of epithelial cells arranged in a concentric fashion Some of 
th-e corpuscles showed central hyalinizntion. The small lymphocytes were closely aggregated 
Hjuul the corpuscles and formed a follicular arrangement (Fig 2) Xo endence of 
hJcrcntiation into cortex and medulla was noted Arterioles were seen throughout the 
dwn, some of which showed hvalmization of tho wall, and subcapsular hemorrhage was 
a! i noted. Xo evidence of invasion or malignant degeneration was noted A diagnosis of 
tLvcioaia was made pathologicallv However, suite the tumor probablv arose from an 
-I rraut thvmic anlage, it could also be called a thymic chonstoma 
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human being will readily account foi the thymic cell lests that have been re 
ported m the thyioid gland, lateral cervical legions, and m association with the 
parathyroid glands 4 5 Aiey 6 states that the pnmoidia of the human thymus 
appear at the end of the sixth week of mtiautenne life (12 mm embryo) as 
ventral pouches of the thud pair of pharyngeal pouches The ongin of the 
parathyroid glands fiom the dorsal wings of these same pouches explains the 
occasional existence of thynnc cell rests m the ceivital legion Othei imestiga 
tois' 3 have lepoited rudimentary thymic tissue ansing trom the fourth 
pharyngeal pouch These, however, piobably do not take pait m the toimation 
of the noimal thymus gland The eaihest indication of the futuie lespiraton 
oigans is the so called laivngeal-tiacheal giooie which appeal's m 3 mm 



Fig J —Tlila microscopic section shows Hnssel s corpuscle with the small thjmoc) 
arranged about It presenting a histologic pattern compatible with the diagnosis oi 


embijos and mils lengthwise in tiont ot tire gut just caudad to the fouiti 
phaiyngeal pouch This gnes some tenability to Patterson and Hellers tluoi' 
that the piesence of ectopic tlivnue tissue m the lung could be explained hj at 
abnoimal intimate relationship between the ludimentaij thymic tissue m 1L 
touitli pharjngeal pouch and the tiachcal anlage, the foinici descending 
the lattei 

The existence of thjiiuc tissue in an adult alter legicssion ot the norim^ 
thymus gland suggests that this should be considered a tme tumoi arisiu 0 
trom an aberrant cell rest If this weie not a neoplasm, one would expect 
same factors to act upon it as were in effect on the thymus in its normal location 
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The presence of this tumor in a 37-} ear-old woman without grossly demonstrable 
pcrsbtent thymic tissue and its lack of differentiation into cortex and medulla 
would ia\or the diagnosis of thymoma instead of an abeirant cell rest 

SUinLVRl 

An unusual case of a thymic tumoi ansing in the lnlai legion of the lung 
at the base ot the left inteilobai septum is piesented. To our knowledge, this 
b the second such case to be lepoited, although it is oui feeling that moie 
tumors of tins type may be discoieied as the number ot snncn chest films and 
subsequent thoracotomies inci eases 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting- 

The 33rd annual meeting of the American Association for Thoracic Surgery will be 
held March 27, 28, and 30, 1953, in San Francisco, Calif Headquarters will be at the 
Hotel Fairmont Suitable accommodations also have been reserved at near by hotels, the 
Mark Hopkins, the Huntington and the Sir Francis Drake 


Requests for Hotel Reservations 

These should bo mailed to Dr H. Brodie Stephens, Chairman of Hotel Committee, 
American Association for Thoracic Surgery, Boom 200, G1 Grove St, San Francisco 2, 
Calif The following information must be included (1) two choices of hotels, (2) type 
of accommodation desired—single, double, twin, room or suite, (3) name of other room 
occupants, if any, whether wife or another doctor, (4) date and approximate hour of 
arrival, (5) date of departure, (fl) return address 


Abstracts for Papers 

Abstracts for the presentation of papers at the 1953 meeting must bo received on or 
before Dec 1, 1952, otherwise they will not be considered by the Program Committee 
Five, repeat, five copies of each abstract should be sent to the Secretary of the Association, 
Dr Paul C Samson, 2938 McClure St, Oakland 9, Calif They should not be sent to the 
Editor 

The abstracts should contain from 200 to 250 words, and should accurately reflect the 
contents of the completed paper 


Applications for Membership 

Applications for Associate Membership in the American Association for Thoracic 
Surgery must be received bv the Membership Committee not Inter than Decembor 1, l 
to bo considered for action at the meeting in San Francisco in March, 1953 VpphcatioDS 
received on a date beyond that deadline must be deferred for consideration until 1951 

Applicants must be sponsored bv three Active or Senior Members of the Association 
In addition to the sponsoring statement on the application form, the sponsors must su^ ^ 
a separate letter concerning the applicant direct to the Chairman of the Membership ° 
mittee Tlu.se regulations arc at the direction ot the Council and were made effective 
the meeting in Dallas in 1952 

Completed application forms should be sent to the Chairman of the Members 
Committee, Edward M Kent, MD, 1400 Clark Building, Pittsburgh 22, Pa 
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Sll ICOTIC AND TUBERCULObILICOTIC LESIONS SIMULATING 
BRONCHIOGENIC CARCIXOiLV 

Frederick G Kergin, M D , M S FRCS E\g 

Toronto, Ont 

IT II Ion" been known that patients sufteiing lioin pulmonarv silnosis with 
1 or without an added tubeitulous mteetion nun ilevclop areas ot fibrosis which 
in du.it roentgenograms appear as moie or less massive aieis ot density A 
number ot writers ha\e drawn attention to the met that these densities mat be 
mistaken tor bronthiogenu tauinonia, developing on a baekgiotind ot siliiosis 
In 1947 Woodruff and Kellev 1 repotted a ease ot tubeiculosilieosis simulating 
Loiiehioauue eaitnioma and teviewed the literatuie Thev were able to find 
'-i-'Iit other eases oi lustologiealh confirmed siluosis ot tubereulosilicosis which 
I* id lit ell di ignoscd lung tuinoi eiroiuouslt on clinic'll ami radiogia])luc 
gnuimls Their patient showed i umlatei ll eiitunisenbed densite m the right 
lour lobe with ridiogi iplue evidence ot a <1 1 Ull o silicotic reaction he had a 
long iiiiton ot c\posuie to dust The c ise ol Bi idsh iw and LhodofD hid a 
b store ot exposure to silica but no cMcIciicc ot a difiuse silicotic leietion When 

• *r p it it nt w is seen first the sh ulow w is umlatei d but over a period ot 

enteen months while lie w is under obscivatioii a dciisitv ippe irecl m the 
TUmu ip,\ i„ ,n ti a ot i, el , ,ses reviewed In Woodtuft ind Ivellev the 
I'll ltle-s Were bilatei il 

V number <>i patents hive been seen at the Toionto (.tneral Ilospit il with 
'Videioe ot silicosis who showed missive densities either unilateril or 
d 'Til which could lit contused with t irnnomi md some ot them n tu illv 
d iarc iiioin t However spec i il interest h is been iroiistd In l group ol eight 
11 'ho with one exception hive not shown the Hsu il r idiogr iplue pic - 

I Oe ot sihc oils tndhivc prise ntcel with i uniiute i d de tisitv ol the tv pc UsliaJlv 
’ 1 m hmn. hio^uiic c in mom i but due m 1 it t to si In osis or tube re ulo-aln oils 
I * i-bt p an uts who in the subjects ol this it port were ill men in middle 
1 no. Idle seven ol the c l_llt eollipl lined ot svillptoins ol the tvpe 

'Ill ison i ltd with brolie hlogc nl< > He lltolii i Hicsc seVell hive lnell 

1 ( .1 s r e „ r ll T* is nl > e n r.I >1 1 it .1 er J tl Is j-eMn ■ i t . f s u - 

l > ' ^ n ii \ iu\ r U> f T r nt 
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opeiated upon, and the diagnosis has been continued by histologic study U1 
ha\e had a histoij of some exposuie to sibea dust, but a staking teatuie is that 
m some of them the e\posuie had been lelatively short and many years before 
the onset ot symptoms 

The leason foi the development of massive pulmonary densities m patients 
uitk silicosis has neiei been elucidated At the r a nous Saranac Laboraton 
Symposia on Silicosis theie was much discussion of this problem tlardner 
gave it as his opmion that infection, and most often tuberculous infection, is 
the undeilying cause of conglomeration, although associated action of nonsili 
ceous dusts piobably plays an accessory lole He suggested that in simple 
conglomerate silicosis the infection had healed and played only an etiological 
role in causing the density, while in tubeiculosihcosis the infection is still actne 
and leeognizable as a tubeiculous pioeess He gave a yeij detailed discussion 
of the vanous types of reaction which might lesult depending on whetliei tlie 
infection pieceded the dust e\posuie, y\as conincident with it, 01 followed it 

At the Foui th Symposium, Pendeigrass* laised the rpiestion oi whethei or 
not a massne shadow seen in a loentgenogiam maj be consideied due to silicosis 
in the absence of the classical pietuie of difhise nodulation, and stated that m 
his opinion it could Gaidner 5 had stated eailiei, “The massne t\pe ot shadow 
usually appeal's upon a background of geneiahzed nodulation, hut there are 
plenty of cases in which this baekgionnd is lacking 01 obscuied ” He pointed 
out that in such cases examination at autopsy had usuall} mealed minute 
nodules m othei parts of the lungs Riddell 0 desciibed a case in which the ex 
posme to silica had been vety heavy, but the ladiogiaphs had been diagnosed 
as indicative of tubeiculosis Autopsy had mealed no evidence of infection 
There was a conglomerate focus ot silicosis, and a few nodules wcie discover ei 
in othei parts of the lungs Gaidner’ ended the discussion by sajing, m sphe 
ot his statement cpioted aboce, that befoie a massne shadow, seen in a loentgeno 
glam, could he considered silicotic lie must insist on seeing uodulai shadows 
He admitted that in following this rule mistakes would be made and injustice 
done to individuals 

This lathei bnef sunimaij of the various discussions at the Saianac Lab- 
outory Symposia, and in particulai the Fouitli, is given because, it our m 
teipietation of the pathology is collect, the series of cases to be described below 
includes examples ot massive densities due to both conglomerate silicosis an 
tubeiculosihcosis in the absence of ladiogiaphic evidence of nodulation 

CVSE REPORTS 

Cyse 1—Air L D, aged 49 jeurs, was admitted to the Toronto General Hospital on 
Dec IS, 194b, with a provisional diagnosis of bronclnogemc carcinoma He had been " 
until two \ears prey iousl) yvhen he began to lose energy and tire easily hor eighteen 
months he had had mbsternul pain radiating around the right costal margin, 'ioo rl ' a 
by a deep breatli or cough In June, Jul>, and Noy ember, 19-10, he had been treate 
the hospital for attacks of right sided pneumonia, and since the llrst attack m June 
had had a cough productiye of 15 e c per day of mucopurulent sputum He had none 
blood in his sputum on eyvo occasions during tutorials between his attacks oi pneumonia- 
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Pathologic Examination —Gross This confirmed the presence of multiple small du 
crete nodules throughout the lung and partial atelectasis with consolidation of the middle 
lobe On section this lobe showed moderate dilatation of the bronchus, and the paren 
chyma was dark gray with islands of greenish brown tissue All the structures of the lulus 
were densely adherent to each other, and the lymph nodes were enlarged, hard, and ad 
herent The dissection necessary after tearing the pulmonary leu had disturbed the rela 
tions about the middle lobe bronchus, but it appeared probable that the bronchus had been 
compressed by an adherent node 

Microscopic Microscopic examination confirmed that the discrete nodules were com 
posed of whorl3 of hyahne material containing crystals uhlch Here demonstrated b\ the 
polarizing microsiope The middle lobe showed a very marked chronic niflninmntorv reaction, 
with dense fibrosis, fetalization of alveoli, and dense accumulations of chronic inflammatory 
cells The hilar nodes showed a very marked chronic inflammatory reaction with typical 
sihcotic nodules 

Diagnosis —Chronic bronchiectasis, chronic interstitial pneumonitis, fibrosis of the lung, 
silicosis of the lung 

Incineration of the lung gave the following result ash 2 32 per cent of drv weight of 
lung, silica 0 23 per cent of dry weight, silica 9 7 per cent of ash 


CiSE 2—Mr A II, aged 69 years, was referred to the Toronto General Hospital on 
April 2, 1948, with a diagnosis of bronchiogemc carcinoma The patient had been perfectly 
well and able to do hard work until six months before admission, when for the first time lie 
developed a cough This had become frequent and seiere, and increasingly more productive 
until he was bringing up 60 to 90 c c of thick dark sputum per day', never foul smelling or 
frankly purulent, and no blood was seen Three weeks before admission he developed con 
stant aching pain referred to the right scapula, not affected by breathing or posture There 
had been a moderate decrease in exercise tolerance, but no weight loss The patient had 
worked as a molder in a foundry for fifty five years 

On exanunation the patient was small and wiry, weighing 122 pounds The trachea 
was shifted slightly to the right, there were no enlarged lymph nodes in the neck or axillae 
Chest expansion was 114 inches The right chest posteriorly showed an area of diminished 
percussion note, decreased breath sounds, and some coarse and medium rules 

Roentgenograms of the chest (Fig 2) in tho posteronntenor view demonstrated a 
rather diffuse and irregular area of density, which in the lateral view was seen to be a 
clear cut density, of a wedge shape, occupying the upper port of the superior segment of 
the right lower lobe, without evidence of atelectasis Scattered through the left lung were 
three small calcified lesions There was no nodulation of the type seen in silicosis Bron 
choscopic examination showed marked narrowing of the right main bronchus to one t ir 
or one fourth of the normal size, just below the origin of the middle lobo bronchus There 
was no evidence of tumor Mucoid secretion was coming from the lower lobe ATultip e 
sputum examinations were negative for cancer cells 

It was thought that the most probable diagnosis was bronchiogemc carcinoma of the 
right lower lobe, thoracotomy was done on May o, 194S The right chest was opened hr 
resection of the sixth rib The lung was densely adherent to tho chest wall The superior 
segment of the lower lobe contained a hard, irregular mass 3 cm in diameter which ex 
tended to the hilus, and on palpation seemed tvpicnl of carcinoma About the hilus uere 
mnnv enlarged lymph nodes, some hard und grav, others large and black One of 
former was removed, und on frozen section showed onlv inflammatorv reaction at 
monectowy was undertaken, but tho nodes were so denselv adherent to the hilar struct 
that the pulmounry artery wus torn, neces'-itating opening the pericurdium and hgut 
of the vessels within the pericardial sac 


The patient made a good recovery from operation, but doveloped an cmpvemn 


winch 


healed satisfactorilv with drainage aDd antibiotics He was discharged from the ho p 1 ^ 
on June 4, 1‘I4!j On leb 4, 1931, he reported that his health was satisfuetorv, that » 
was unab'c to v ork, and was short of breath oil slight exertion 
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middle lobes, the shadow of the left hiius was increased, but there uns no cyidcnce or 
silicotic nodulation Bronchoscopic examination showed a general mild inflammatory 
reaction of the right bronchial tree with no evidenco of tumor Lannnogruns shoned a 
' er\ dense mass surrounding and narrowing the right upper lobe bronchus, with the char 
acteristic appearance of a broncluogenic carcinoma Multiple sputum exannn itions were 
negntne tor malignant cells 

The provisional diagnosis was bronchiogemc carcinoma of dubious operability 

Right thoractomj yyas performed on Feb 15, 1949 The upper and middle lobes yyere 
densely adherent to the parietal pleura A hard irregular mass appeared to arise at the 
upper lobo bronchus and fill the central portion of the upper lobe and to extend across an 
incomplete fissure into the middle lobe Throughout the remaining portions of the lung 
yyere scattered mauj small discrete densities, up to 0 5 cm m diameter In the lulus rrere 
mail} yery firm, gray, adherent nodes up to I 5 cm in diameter One rras remoyed, ex 
amiued by frozen section, and reported to shou “old tuberculosis and nnthrn-osis, no eri 
deuce of tumor ’’ A dissection pneumonectomy was done, this yyas difficult bee luse of the 
nodes yvlneh yyere densel} adherent to the great vessels and bronchus 

The patient made a good recovery and was discharged eighteen dajs after operation 
He has been seen regulaH) since, the last time in September, 1951, and has remained yrell, 
y-itli no cough, sputum, or liemopt sis, has gained 30 pounds, and has fair oxer iso tolerance 



Fig 3—Case 3 A and B Jtas 3 i\e density iny oKIng right upper and middle lobes 


Pathologic Examination —Gross Section of the hmg confirmed tlm pre encc o 

largo irregular mass S cm in diameter in the upper lobe, extending into the mnldh (J ^ 
The cut surface yyas light gray mottled yyith blach This nui'-s appeared to compress ^ 
origin ot the upper lobe bronchus, but the more distal portions of this brrmJiux acre di J 
and contained mucous casts The Ijmpli nodes yyere yerj hard and enlarged up to - o cm 
diameter, some yyere light gray on section, flecked yyith black, others yyere softer anil jet 

Microscopic Microscopic examination shoyytd that tile dense areas consisted ‘ ^ 

luayy deposit of fibrous tissue, yyith an infiltration of chronic inflammatory cells, i uxc 1 ^ ^ 
nodules composed of concentric lasers of hjaline material Many doubl} rcfraetile ir ' 5 ^ 
yyere present The upper lol e bronchus showed typical bronchicct is is The lvniph r 
showed dense tibro-w yyith silicotic nodules 
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sible, it was decided not to undertake thoracotomj His phjsician a us advised to ion 
tinue to keep the lesion under observation bj repeated radiographs and to hn\e further 
sputum cultures done 

Case 5—Mr Wm V A, aged 58 vears, was referred to the Toronto General Hospital 
on Dec 19, 1951, with a provisional diagnosis of bronchiogemc carcinoma He had been 
in good health until October, 1951, when he developed pneumonia With treatment In 
antibiotics he made a slow recovery, but continued to have a cough with a small amount 
of mucopuru'ent sputum lost 12 pounds in weight, and tired easil) There was moderate 
shortness of breath on exertion During the pneumonia his sputum was strenked with 
blood He was referred because of a persisting densit} in the left lower lobe on radio 
graphic examination For nianj jears he worked in smelters and foundries, and had had 
much exposure to dust 



Fig 5—Case 5 -l and B Diffuse density in superior segment of left lower lobe 


The patient looked older than the stated age, but was in good general condition 
There was a small area of dullness with diminished breath sounds below the angle of t e 
left scapula Roentgenograms (Fig 5) showed a diffuse area of density in the left mi 
lung field, which m the lateral film was shown to occupv the upper part of the superior 
segment of the lower lobe A Iipiodol bronchogram showed failure of filling of thi 
superior segmental bronchus A bronchoscopie examination showed some narrow in„ 
distortion of the left lower lobe bronchus without evidence of tumor Aspirated secretion^ 
and three specimens of sputum were negative for malignant cells 5 ital capacitv 
3,500 c c , or SO per cent of the calculated normal 

In view of the long historv of exposure to dust, and the lack of evidence o 
noma on bronchoscopie and sputum examination, it was considered that tho most pro 
diagnosis was obstructive pneumonitis secondary to bronchial obstruction bv 1 ^ 
nodes It was decided to do a thoracotomv to rule out carcinoma, aud m the hope t m 
condition could be treated bv lobectorav . ^ 

On Dec 2b, 1951, a left thoracotomj was done The whole left lung •diowei a ^ 
deposition of anthracotic pigment, and a few scattered hard nodules 3 or 4 mm ln j ure( j 
eter could be palpated The upper lobe was voluminous, and the lower slightlv rei u 
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m n lume The superior sequent was Idled b\ an irregular lirm mass, and was densely 
a'ihercnt to the parietal pleura There was moderate thickening about the hilus, with 
uni hard blaek adherent nodes, up to 1 5 cm in diameter \ dissection lobectomi of the 
]jw c r lobe was accomplished with difficult! and in doing so it was necessare to tree a 
collar of the e nodes which surrounded and eompres ed the superior segmental bronchus 
at its origin. The lobe was lmmedmteli examined b\ frozen section, and no evidence of 
carcinoma was found 

The patient recovered well, and was dischar e cd from the hospital after eleien dais 
U that time he was free from cough 

Palholomc bzammation —Gross Section ot the lun 0 showed that m addition to the 
ollar of hard nodes surrounding the superior segmental bronchus, there was a similar hard 
black no<3e adherent to the bifurcation into the superior and inferior divisions of this bron 
din. distorting and narrowing botli of the divisions In the superior segment was an irregu 
lar nrm tinu, grai in color, flecked with black ureas, and becoming necrotic in the center 

Microscopic Microscopic examination reualed that there was widespread necrosis in 
the nrm area noted in the gross The immediateh adjacent lung showed a marked nbrous 
t sue thickening of the aheolar walls, infiltration b\ acute and chrome inflammatore cells, 
ar 1 mane macrophages bang within the alveoli Tin Ivmph nodes showed a heave depo-tt 
d anthrm otic pigment, nbrosis, and silicotic nodule 

bwijmiMs—Pulmonure abscess, diffuse interstitial nbrosis, and authracosibcosis ot 
l'E,[i'i node 
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of the mediastinum to the right, a triangular density at the right base indicating aUhxtxu 
of the lower lobe, and an irregular area of density extending upward Irom the leiel ot the 
hilus into tin. upper lobe area 

When referred nine months later there was no significant change m the radiographic 
picture A right bronchogram confirmed the presence of an obstruction near the origin of the 
lower lobe bronchus, with atelectasis of the lower lobe, and a deformity of the middle-lobe 
bronchus apparently due to a mass of lymph nodes at the lulus A bronchoscopic i lamina 
tion showed a stenosis of the bronchus to the lower lobe without evidence of tumor The 
bronchus contained bloody secretion Sputum examinations were negative for the tubercle 
bacillus on smear 


It was concluded that the patient had pulmonary silicosis, complicated bv bronclno 0 cuic 
carcinoma, or possibly by tuberculosis, and thoracotomy was advised 

At operation on Feb 12, 194G, by Dr Shenstone, it was found that there were onh a 
few pleural adhesions The right lower lobe was atelectatic and extremely hard, continuous 
with it was a hard mass occupying the hilus of the Inng and extending into the posterior part 
of the upper lobe The overdistendcd middle lobe and anterior portion of the upper lobe 
contained many hard nodules like small peas A dissection pneumonectomy was done 

The patient made a good recovery from the operation and was disclnrged from the, 
hospital eleven days later It is reported by lus doctor that he remains well, but is short of 
breatli on exertion Roentgenograms at frequent internals hnie shown no significant ihan B e 
in the silicotic reaction in the left lung 

Pathologic Examination —Gross Extending from the hilus into the posterior sc,' 
ment of the upper lobe and filling the atelectatic lower lobe was a hard mass, blue black ou 
section. This mass surrounded the bronchi, reducing them to slits In the lower lobe was 
an abscess 1 5 cm in diameter 

Microscopic Sections from the small discrete nodules and from the mam mass showed 
a typical silicotic reaction, with dense areas of h\aline material The center of som- of the 
nodules showed necrosis The abscess canty showed caseation with destruction of part of a 
bronchial wall In some areas the bronchi were compressed by a dense silicotic fibrosis, mil 
in other areas they were dilated and showed tuberculous ulceration 
Diagnosis —Silicosis and secondary tubercu'osis 


Case 7 —Air S S , aged GO years, was admitted to the Toronto General Hospital on 
Oct 25, 194S This retired postman had been well until July, IMS, when he began to notac 
increasing fatigue and weakness In September he began to cough and raise a few cubic 
centimeters of yellow sputum, but no sign of blood About the same time he noticed a bus i 
ness of the voice and a desire to clear his throat repeatedly He developed a nuld ache in the 
right anterior chest, and noticed increasing shortness of breath on exertion. He had lost !•> 
pounds since July The patient had been a postman for thirty-eight years It was onl\ after 
evidence of silicosis had been found at operation that direct questioning revealed the fact 
that he had been a driller in the silver nunes at Cobalt for two years before entering the 
postal service 

He did not appear ill The trachea was deviated to the right, and there was dullm 
with diminished air entry over the right chest anteriorly The vocal cords moved norma v 
Roentgenograms (Fig 7) demonstrated a wedge shaped density occupying the anterior 1 
ment of the right upper lobe Laminograms showed large rounded densities in the rl "' t 
lulus and under the carina suggestive of enlarged nodes There was no ewileuce of ■ ao.-u 
Bronchoscopic examination showed widening and fixation of the ennm Purulent m.iuri 
issued from the right upper lobe bronchus, the middle lobe bronchus was patent, but in- 
below this there was a uniform stenosis of the lower lobe bronchus to 4 mm bputum 
ispirated secretions were negative for malignant cells and for tubercle bacilli on smear 

Broncliiogcnic carcinoma was considered the most likely diagnosis, although the demon 
strntion of ninny markedlv enlarged nodes about the lulus suggested the possibility of 0 
structivc pneumonitis due to bronclual compression by a node 

Vt oper ition on Nov 2, 194S, the right chest was opened The upper lobe was adherent 
bv vascular adhesions The anterior segment of the upper lobe vvus occupied bv a verv han 
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r- ,u wbnh ran mto the lulus The whole bronchovascular tree running down into the lower 
b tu markedlv tluckcncd, stiff, and irregular Manv enlarged nodes surrounded the hiltis 
_1 were detail) adherent, some were smaller, graj, and hard, others wore large, soft, and 
, t black. Lnder the carina was a node as large as a big chestnut, blaek, and soft These 
t.hngj were considered tvpical of a sdicotie reaction in the nodes, but one could not be cer 
tun that there was not a carcinoma also Lobeetomv was impossible because of the exceed 
t-Jr dense reaetion about the vessels A dissection pneumonectomv was done with some 
Jidhuln 

The patient made a good recovers and was discharged ten dajs after operation He 
has remained well, has regained his normal weight, has a fair exercise tolerance, and does 
h,Lt work. 

Pathologic Prumination—Gross Cutting the lung showed that the Vera hard consolida 
ti-m of the anterior segment of the upper lobe was a dark, mottled, slate graj in color There 
•tire imilar smaller areas seattered through the upper and lower lobes, which were both 
'u-e'! pi„minted, but the middle lobe was crepitant and pink in color Dissection of the 
m^r lulu bronchus showed that a hard, black node 13 cm in dmiueter was denseh adherent 
tj the anterior segmental bronchus, compressing it and erodmg the wall Other similar nodes 
eie adherent to the lower lobe and middle lobe bronchi 
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that it had cleared He remained perfectly well, with no cough or sputum, until December, 
1950, when he had a similar febrile attack and spent ten days in bed. He again recovered 
completely and became free of cough In Apnl, 1951, a routine chest film showed an area 
of density in tile left upper lobe and he stopped work During the month before admission, 
while he was not working, he gained Id pounds For several years lie had noticed moderate 
shortness of breath on exertion. Tins man had been a miner since the age of 16 years. From 
1920 until 1930 he worked underground rn a hard rock gold mine where the incidence of 
sdicosrs is high 

Examination showed a large, powerful man weighing 230 pounds The onh sigmh 
cant finding was slight reduction in air entry into the left upper lobe posteriorly Roentgeno¬ 
grams (Pig S) demonstrated a wedge shaped area of density occupying the npicopostenor 
segment of the left upper lobe A lammogram showed a eery dense area in the extreme 
apex, and below this a large triangular shaped density with a very clearly defined margin 
The hilar shadows on both sides were greatly increased in bulk and density, but there was no 
diffuse nodulation. A bronchoscopic examination showed edema and reddening about the 
orifice of the left upper lobe bronchus No biopsy was obtained but secretions were aspirated 
This specimen and three specimens of sputum were negative for malignant cells No acid 
fast bacilli were seen on smear 



A. 

Fig g —Cose S A and B Diffuse densit} at the left apex and 
and density of right hilar shadow Lamlnogram shows a eery dense 
a less dense triangular shadow below 


marked increase In bulk 
shadow at the apex wno 


In view of this patient’s occupational lustorv and the other evidence, it was t oa B 
that the density represented a conglomerate silicotic lesion, but carcinoma could not e eI 
eluded. It was decided to do a thoracotomy and, if the diagnosis was confirmed and enreino 
could be ruled out, to perform a lobectomx If this was not possible for technical rta50 ^’ 
it would not be desirable to do a pneumonectomv, because Ihe disability did not janti 
severe impairment of respirators function which would result in this very big man 
vital capacity was 2,902 c c or 55 per cent of the calculated normal 

At operation on June 1, 1931, the lett chest was opened The npicopostenor 
of the upper lobe was tilled b\ an extremely hard mass and was cere densely adherent to ^ 
parietal pleura. The lobe was freed Scattered through the lower lobe and autenor p 
of the upper lobe were hard nodules 2 to 3 mm. in diameter, one was excised Oa , 

was jet black, frozen section showed a tvpical silicotic lesion About the hilu3 of the u ° 
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tLe e was a <lemc tibrosia and manv grav stonv bard nodes, up to 1 5 cm in diameter, were 
-ilennt The bronchovusculnr tree to botli upper and lower lobes was greatlv thickened, 
irregular and stiff It was decided that a dissection lobectom\ was impossible, but a pneu 
cr_eit«3i\ could be done The mam densitv was cut into and a generous biopsj was re¬ 
unit'd. The cut surface was black Frozen section showed silicosis The chest was closed 
Further stud\ of the sections continued the diagnosis of silico-is with no evadenco of 
ULrudo is The polarizing microscope revealed manv double retractile crystals 

The patient recovered well and was discharged from the hospital twelve da\s later 
0-t month after his operation the patient felt well and was anxious to return to work as a 
ci er, but a report was received that a sputum culture planted two months previouslv had 
*r&3n a tvpnal tuberelc bacdlus In \ugust, 1951, he had a reeurrenee ot pneumonia and 
farther sputum cultures wero done, of which three were positive for tuberelc bacillus He 
’u admitted to the Toronto Hospital for Tuberculosis on Sept 6, 1951 

Thu path nt undoubtedlv has tuberculosilieosis and illustrates the difficulty of recogmz 
t 11! e* pn-enei of tuberculosis in a massive densitv even when biopsv is done It is probable 
''•at he nil require resection to control his tuberculosis 


SUMM\R\ OF C\SES 

The table summarizes the symptoms of winch these patients complained 
Tie oldest patient was 69 aears ot age and the two voungest were 49, with an 
a ora ” c age of 5S \ears Five had had prolonged exposme to dust, three as 
bmndrv workers, one as a grinder, and one as a miner Of the other three, 
u.e had worked undeiground in a mine without dncct exposure, one had been 
J ^ndblastei for a 5 ear, tlnrtv-fne a ears previoush, and one had been a driller 
maliard rock mine for two a ears, thirta-eight sears picviouslv 
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diagnosis has been made on clinical grounds, and, since sputum cultures are 
negative foi the tubercle bacillus and the lesion appears stationary, he is con 
sideied to have silicosis 


DISCUSSION 


The picture found at thoracotomy m this group of patients is characteristic, 
sufficiently so that in the later cases it was easily recognized even when a histon 
of exposure to dust had not been obtained and there was little reason to ques 
tion the preoperative diagnosis of bronchiogemc carcinoma The gross appear 
anee of conglomerate silicosis and tuberculosihcosis may be identical, the dis 
tmction can be made only by careful microscopic study Typically, the massive 
density has a segmental distribution, and this is fanly accurately maintained 
The involved segment may retain its noimal volume or be somewhat reduced, 
but in only one case was there complete atelectasis The area is usually ad 
herent to the panetal pleura by adhesions which are thick and avascular The 
mam mass is slightly irregular and stony hard, not rubbery If it is cut into, 
the suiface is black to dark gray, with a mottled 01 marbled appearance The 
rest of the lung is usually rathei voluminous, shows moie anthracotic pigment 
than usual, and on palpation one can feel a few 01 many hard nodules, usuallv 
three 01 foui nnllimeteis in diametei The lung root shows a characteristic 
type of ehionic inflammatory reaction with many enlarged lymph nodes firmh 
bound to the vessels and bronchi by very dense fibious tissue Palpation reveals 
that the whole bronchovascular tree, including that to the uninvolved lobe, is 
thickened, irregular, and stiff, it resembles the gnarled and twisted limb of an 
old tree The enlaiged lymph nodes vary from one to two centimeters in diam 
etei and are of two types, both commonly seen m the same patient Some arc 
veiy hard, and light giay externally, when cut they show white or light grnv 
areas mottled with anthracotic pigment Othei nodes are smaller, softer, rup- 
tuie easily, and are jet black 

Gross examination of the lung aftei removal has confirmed the segmenta 
distribution of the massive density Dissection of the bronchus to the mvohct 
segment has shown in most cases that a node is compiessing and narrowing 1 
but not obstructing it completely In one case a haid node was actually' eiodm 0 
the bronchial wall The bionchi in the involved segment are deformed, show 
ing dilatation in some areas, and in others they aie compiessed by r the surroun 
mg dem>e tissue, the mucosa is inflamed, and m some cases has shown ulccra 


UUU 

Microscopic examination demonstiates that the massive densities r( ’ m 
different cases, 01 even diffeient areas in the same specimen, show varyin 0 c 
grees of a chronic lnflammatoiy icaction In some there is thickening of alvco a 
walls with niaiked reduction in the size of the alveoli, and in other's this a 
progressed to complete disappeaiancc of alveoli and replacement by masses o 
fibrous tissue interspersed with groups of pigment containing niacrop ia D c s 
Scattered through all aieas is a sprinkling ot inflammatoiy cells, which ten s o 
be more acute in the earlier stages, with local aieas ot suppuiation, an 0 J 
more chome type in the later stages of the icaction The fibrosis is particu nr 



REKGIX SILICOTIC VND TUBERCLLOSILICOTIC LEsIONS 


559 


marked about the bronchos asculai bundles, the bronchi aie compiessed, the 
levels show a definite scleiosis, and the lymphatic cliannels are obliterated or 
choked b\ macrophages filled with black pigment ili\ed with the fibrotic 
areas are masses ot laminated In aline matenal, characteristic ot a silicotic re¬ 
action The small firm nodules scattered thiough the lung are tspical silicotic 

Fig 9 
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nodules The hard gray lymph nodes are made up laigely of masses ot In aline 
material, and mature fibrous tissue, the black nodes show silicotic nodules, 
fibrous tissue, and masses of maciophages filled with pigment 

The cases of tuberculosdicosis have shown a background picture like that 
just desenbed, but added to it are more or less extensile areas of caseation, 
usually grouped about the hionchi A point of interest is that the nodes which 
were adherent to and compressing the segmental bronchus showed a silicotic 
but not a tuberculous leaction 


Fiom a study of the history of these patients, their clinical signs and the 
succession ot changes shown m the serial roentgenograms which were available 
m some cases, togethei with the gioss and microscopic examination of the ex 
cised tissue, it is possible to formulate a theory of the pathogenesis of the mas 
sive densities Theie has been a growing lealization among surgeons and pathol 
ogists that clnonie bronchial obstiuetion, be it partial or complete, may lead to 
a chrome inflammatory piocess m the affected segment of lung, and that the 
pictuie seen vanes fiom case to ease depending on the duration and degice of 
the obstruction, the rate at which it has piogresscd, and the number of phases 
of acute or subacute infection which have occuned in the lung paienchyma 
If the obstiuetion has developed quickh, befoie theie has been much infection, 
atelectasis is a maiked feature, if the obstiuetion progresses slowlv and recur 
ring infection has fixed the lung by fibrosis, there is little atelectasis, but )r on 
chial damage is severe, resulting in secondary bronchiectasis Paulson an 
Shaw 8 described this condition as it is seen in the middle lobe, and remar e 
that chronic atelectasis and pneumonitis may occur in any portion of eitier 
lung They stated that a cluonic pneumonitis develops as a result of ate ec asis 
The author is more inclined to believe that they aie both due to the same 
namely bronchial obstruction, and that the degree of eithei is varia e 
aid, Hairmgton, and Clagett 0 took this view and preferred to use the erm 
struetive pneumonitis foi the condition, this teim does seem to sum up 
than any othei the essential factors in this particular foim of lun D 1 ^ ^ 

They recognized cleailv that to pioduce the characteristic changes in 11 
bronchial occlusion need not be complete In oui own mateiia " e onclnal 
examples ot cluonic pneumonitis of segmental distubution ue rmiddle 

compression by tuberculous nodes, saicaid, nonspecific ljmp a en chown a 
lobe syndrome), and caicinoma The invohed lung m eac 1 case 
similai type of dense fibiosis with secondary bronchiectasis 

It is suggested that the so-called conglomeiate lesions of s ^ cosl * ‘ 
aieas of obstiuctne pneumonitis due to partial or complete ion oI) 

sion tiom imohement of segmental bioncln in a dense fibrous issu ^ 

laid donn around the lymph nodes, nhich aie themsehes the site 0 Ql 

reaction Some ot the effect mav be due to actual mechanica comi hn , 
the bionchus, some due to physiologic obstiuetion by fixation ot c Kninhatlt 
nail, and some of the changes in the lobe oi segment may be due ‘.to l _ 

obstruction All the ljmph diainage fiom a lobe of lung must fin 
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the lymphatic channels and nodes in the lobar hilms, and in the presence of 
MkoiLs the resulting dense filnosis oi both the nodes and the penbronehial 
region must cause some degree ol huiphatic obstmetion The paitial bron¬ 
chial obstruction determines the localization oi nnectiou in the affected seg¬ 
ment, the chrome lymphatic obstruction with hinphedema precents lesolu- 
tmn oi the lnflammatorj leaction and leads to the fibiosts Upieal ot ‘ unre- 
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sol\ed pneumonia ” In silicosis, unlike cai iinoma, tlie lnonchial obstruction 
is lelatively nonpiogiessive, so that the end lesult is a veiy chronic piocess 
in lung what might be called end-stage obstructive pneumonitis 

If this explamation is conect, the mipoitance of the silica as a cause ot 
massive densities is mainly its effect on the lymph nodes This explains some 
of the anomalies of the occurrence of massive densities, why many patients 
who have very obvious diffuse nodular shadows never show massive densities, 
while others who hav e no recognizable stigmata of silicosis m the roenfgeno 
gram may go on to foim a massive lesion The massive densities depend on 
the accident of whethei or not a bronchus is compressed bv a lymph node 
The silicotic nodules scattered through the pneumonic aiea aie quite inert 
and seive chiefly to betray the undeilying cause of the leaetion The fact 
that they aie moie numeious in the dense area than elsewheie in the lung is 
due to the conti actiou of the segment pulling them together into a smaller 
space, and also m those patients who have contmued to have exposuie to silica 
aftei the process has staited, to interference with the Ijmphatic dinmage, 
through which foieign bodies aie lemoved noimally 

A veiy inteiesting question, and one wluch cannot be answeied definitely, 
1 elates to the place that tuberculosis plays in this pictuie Is it an eaily fac 
toi, vdueh peihaps conti lbutes to the lymph node enlaigment and the fibtosis, 
01 is it a late mvadei which finds a favoiable medium m an aiea already fibrotic 
as the lesult of recunent nonspecific infection 9 A study of these specimens 
certainly gives the impression that the tubeiculosis is superimposed, that the 
fibrotic background is the same in tubeiculosis as m simple conglomeiate 
silicosis In Case 7, in which the antenoi segment of the uppei lobe showed 
typical tubeieulosilicosis, the segmental bionclius was compressed bv a node 
which w as actually invaduig its w r all Sections of this node show ed a silicotic, 
but not a tubeiculous leaetion, suggesting that the cause foi a massive lesion 
was theie befoie the tubeiculosis If tubeiculosis is a late invader, this ex 
plains why some patients with a massive lesion show positive cultuies of 
sputum only aftei a long penod of obseivation and many examinations 

A point of gieat inteiest is the long latent penod which mav exist between 
the penod of exposuie to dust and the development o± symptoms and sigm> 
of obstructive pneumonitis, m one of om patients exposuie had ceased tlnrtv 
eight yeais before and in another thirty-five years pieviously It is we 
know n that diffuse silicosis of the usual type dev elops only ov ei a number 
of years In the case of haid rock gold mineis it commonly lequires an ex 
posuie penod of nine or ten yeais How much of this penod is required to 
leceive sufficient dosage of silica to initiate a leaetion, and, this thresho 
dose having been receiv ed, how much of the penod is leqmred for the develop 
ment of the specific tissue leaetion which constitutes the disease called sihco 
sis, is not known Presumably, the smaller the dosage, the longer the time 
requned to develop a significant leaetion It may be that these patients ln' c 
developed the fibiotie changes m lymph nodes slowly' over a period of wars 
and then have for years had some degite of nan owing of a bionchus vvithou 
serious impairment ot function until a lespiratoiy infection has led to edema 
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ot the bronchial mucosa, me leased obstruction local pneumonitis, lymphad¬ 
enitis, furthei pressure on the bionthus fat hue ot the infection to clear 
• urapletelj, going on to the whole picture ot obstiuctive pneumonitis In 
other words these patients mac hace been vulneiable Ioi vears, but only pot 
into difficulties iollowing an imectiou which initiated a vicious circle The 
hUorc ot Case S st rough suggests this explanation The patient dec eloped 
pneumonic attacks with increasing frequenev alter Ins first chest mlection 
He de\ eloped ail aiea ot pneumonitis in the apieoposteiior segment of the 
hit upper lobe which cleaied slowly and then iearned in the same aiea just 
in the manner which is so commonh seen in bronchiogeme carcinoma 

F\en though the picture tound at opeiation in these cases is fairh char¬ 
acteristic it is difficult and at times impossible to be sure in any given case 
that there is no coexisting eaicinoma Theie is statistical e\idence that there 
ii no relationship beta ecu siheosis and bionthiogenie taieinoma Whethei 
that is true or not, patients w ho hav e liank silicosis 01 like this gioup ot 
patients line a t\pc oi silicotic reaction which is not \isible in the roentgeno 
-'ram, mn develop bionelnogeiue caicmoma and we have seen examples ot 
both tv pcs In the patient who is known to be a siheotn ind mav alreadv 
bavi massive densities elite to silicosis the appeal uu c ol anothei densitv is 
bah to be attributed to silicosis until the c nunomi has piogressed to the 
da,a ot inoperabilitv When the patient v ho ts not known to be 1 sibeotu, 
bnt hn the occult loini ot silicosts described in this pipei develops «i den- 
Ml h it mav be title to elnonic obstiuctive ])iuuiiionitis or tubcieulosis, or to 
careiMiim i At opeiation these conditions lie difficult to distinguish even 
Mt b the help ot trozeu sections, because m etch t use Inn is .1 fum thickening 
1,1 1 bronchus with consolidation ot the abetted segment ot lung md firm en 
^ ir -ed nodo It the e ire 1110111 1 is letogni/td it 111 iv lit considered inoperable 
"cau e 01 the picstiicc ot eiilugtd nodes which an let 11 lllv enlugeel bv 1 
S1 aotie rt iction It the silicosis is leeogniztd it is then lbnost impossible to 
1 sure th it the re is not in lssocntcil 1 iicinoiiii 


11 


h 


The piohluii ot whit is the propel tre it 1 tic nt toi these p it lent s is mfiu 
bv tin iicees-sitv m most t ists lor 1 then tcotomv to cstiblish the dug 
■> uid rule out eiuniomi ilthouali is pointed out ibove this is hud to 
h irt 01 resecting tlu lung One ot the pitunts 111 this group hid 110 
*pl nut's uul leipured 110 tuitment Tile other seven wen more 01 less 
bhd bv their disc mil ill e ic ii 1 esc the dlsihihtv w is pro.iessivt so 
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nothing shoit of a pneumonectomy was possible for technical reasons In one 
patient meiely lifting the edge of the lung to examine the anterior aspect of 
the hilus caused an adherent node to pull away from the anterior pulmonary 
vein tearing a large rent in the i em In certain cases of tuberculosis with 
very adherent nodes, m ordei to accomplish a lobectomy with safety, we hnie 
practiced a prebmmary isolation and conti ol of the mam pulmonary trunk 
and the two veins, and have then pioceeded with the lobectomy and simply 
lepaired any injuiies which the vessels sustained It is possible that this 
technique might be applied to a silicotic case to peinnt lobectomy, but m our 
experience to date even pneumonectomy was difficult In these patients one 
piobably should not contemplate or attempt lesection unless the possibility 
of pneumonectomy has been consuleied and accepted 

In assessing the result of tieatment it is found that the file patients 
treated by pneumonectomy aie all well m that they ha\e been relieied of 
their chief complaints, have had no recurrence of chest infection, and ha\e 
legamed then noimal weight or more All are shoit of breath on exertion, 
and in thiee this is fanly seiere One of these thiee is lecemng compensa 
tion on the basis of total disability and has became very obese, another is the 
oldest man in the gioup and is now 72 years of age, the third is the only 
one in the gioup who shows definite evidence of diffuse silicosis in the remain 
mg lung The remaining two patients who had pneumonectomy are ier\ 
well and can do light woik It may be pointed out that all these patients 
complained of shoitness of bieath before opeiation The patient treated by 
lobectomy is doing veil, but insufficient time has elapsed for pioper assess 
ment The patient who had a thoracotomy without lesection has shown spu 
turn cultures positne for tubercle bacillus and may lequire lesection The 
untreated patient leniams well On leviewmg the gioup it is concluded that 
the resections which veie done weie justified 

It is apparent that a question of compensation is nu oh ed, and that it 1S 
a difficult question because theie may be an internal of many years between 
exposure and the development of disability A study of the material oh 
tamed from these patients strongly suggests that the chain of eients leading 
e\entually r to sec ere disability was initiated by the inhalation of silica-contam 
mg dust, and would not have taken place if dust had not been inhaled It 
that is true, this condition should be considered an mdustnal disease 

A final consideration is that of a suitable name or description foi tlus 
condition It is not silicosis, within the accepted meaning of that teim, am 
may occur in the presence of a rery little sikcotic reaction m lung The si 0 
nrficant feature is chronic silicotic lymphadeiutis, the changes m luiic ar 
nonspecific There is no shoit way of saying this, perhaps “chronic si 1L0 *’ 
lymphadenitis with obstructs e pneumonitis (nontuberculous or tubercu ous 
is the best that one can do 


SU1IM \R1 


Eight cases of unilateral massue densities m lung due to chronic pneu 
momtis are presented The patients v ere all men, and m each case clmiea 



kergin siucotic v\d tubfrcui osilicotic lesions 


oGd 


and radiographic eMdenee stiongh suggested a diagnosis of bronchiogeme 
tarcmoma 

lue patients ueie tieated 1 )} pneumoneetonn, one In lobectomy, and in 
another thoracotomy was done and biopsies taken The eighth patient has 
nut been operated upon 

A studi of the excised tissue indicates that the fundamental feature of 
the pathology in this gioup of patients is complete or partial bronchial ob¬ 
struction b\ pressure of lymph nodes which are the site of a chrome lnflam- 
matorv reaction secondaij to inhalation of silica containing dust In file 
patients the chronic obstructive pneumonitis was nonspecific , in three there 
u xs an added tuberculous infection 

It is suggested that this condition be called “chronic silicotic ljmphad- 
untis with obstructne pneumonitis (nontuberculous or tuberculous) ’’ 

The patients are all alne, the six tieated by exusion h.ne been relieved 
oi their complaints 

The author wishes to express his thanks to the members of the staff of the Department 
<( "urgiral Patliologv of tin. Toronto General Hospital, and in particular to Dr W Anderson 
— 1 Dr T C Brown for their assistance in tlm interpretation of the patholog} and in the 
frrpratioa of the microphotographs 
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I would agree with Hr Kergm that the diagnosis maj occasionally be made c lini cally, 
if it is suspected, particularly in the bilateral case However, the unilateral case seems to 
tne to pose a more difficult problem, and I am not certain that I would have had the courage 
not to explore bis Case 7 because, as Hr Kergm states, the fact that a patient lias silicosis 
does not mean that he cannot also have a malignancy 

Dr Kergm points out, exploration in these patients is a more serious problem than 
in the case of an ordinary tumor because the fibrosis and adhesions at the hilum render 
lobectomy and segmental resection difficult and hazardous All seven reported cases of 
resection have been by pneumonectomy This is a serious matter becauso dyspnea is fre 
quently the presenting complaint Pneumonectomy further increases the dyspnea. For 
instance, our patient, p re operatively, had a maximum breathing capacity of 84 hters with 
30 per cent residual air Following pneumonectomy and later thoracoplasty, his maximum 
breathing capacity dropped to 54 liters, while lus residual air increased to 41 per cent fol 
lowing resection and 44 per cent following thoracoplasty Although he sumred the opera 
tion, he was a “respiratory cripple” and was never able to work 

DR JOHN F HIGGENSON, Portland, Ore—X would merely like to corroborate and 
co n fi r m some of the points Dr Kergm made with regard to the difficulties of dissection in 
the lulum m these cases We hnve run across only one such case, presenting as a typical 
nght middle lobe syndrome on roentgenologic study, with repeated episodes of infection 
which necessitated diagnostic thoracotomy We were able to do a middle lobectomy with 
difficulty Stony hard nodes were very intimately bound to the vessels and the bronchus in 
this area, and wa too tore a vessel, the pulmonary artery, where the middle lobe arteries camo 
off We were able to repair tlus, fortunately, but I think it should be emphasized that 
dissection is very difficult In spite of this, however, with the necessity of making a diag 
nosis in this type of lesion, I do not feel that a diagnostic pneumonectomv should be done, 
but rather a lobectomy at the most, although it is very difficult nnd dangerous in these in 
stances 

DR JAMES M MASON, III, Birmingham, Ala—I wish to discuss Dr Kergm's paper 
from the medicolegal aspect of silicosis I am from an industrial section where coal and 
ore mining are carried on extensively by several large corporations, the United States Steel 
Company, the Republic Steel Corporation, Woodward Iron Company, the Sloss Sheffield Steel 
and Iron Compnny, and many smaller coal companies 

These operators are repeatedly in court defending damage suits covering the disabling 
effects of silicosis on the coni miners Anthracosis is common m workers in soft coni It 
is very questionable whether silicosis results from working in soft coni, which is the on v 
coal found in this locality 

The coal companies in our section have had the laws so amended that damages from 
silicosis are settled on the terms of the Workman’s Compensation Laws, rather than on 
enormous judgments somotimes awarded in damage suits 

DR D AVID H WATERMAN, Knoxville, Tenn —Dr Kergm has given n beautiful 
picture of this condition in lus timely discussion In the research project vve are conducting 
in Knoxville with the UMW A on silicosis, we are seeing an increasing number of me 
cases, and during the past two weeks lin\e explored two of them X wish onl} to con nfl 
w Imt Dr Kergin has already stated, particularly about the difficulties of segmental or o 
resection. These nodes are like rock, and if you have ne\cr had trouble }ou arc m for it uo\ 

DR ALFRED GOUDiIA2S T , Los Angeles, Calif—I want to congratulate Dr ^trgm 
on this excellent report and to emphasize the great importance of this stud>, because in 
past X do not think. man\ of us have felt that silicosis was a surgical condition- But 
cases show that certain forms of it are surgical 

I wish to bring to ^our attention a patient who had not onh tins syndrome whieh Dr 
Kergm has reported, with ver\ large l>wpli nodes, but also whose disabdit) from iaf^l j0Q 
was continuous o\er a period of months In addition to the pathology that Dr Kergm 
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, r 1 time vas also present, associated with the large nodes, an endobronchial granulom 
,ia Occluding protest I wonder lt Dr Kergin had anv endobronchial disease in his 
-r j 


1)2. KEPGIX p Closing) —I wish to thank the discussers tor their interest in this paper 
'\~'h regard to Dr Woodruff s eomment, I thought it might arouse some doubt in vour minds 
-i to uhv operation was not perxormed in that patient Vetualh, I s aw him nrst at the time 
I tie ocoal nlm and had 1 seen him at the time le liad the nrst nlm I certainlv would 
law e t e-ated on him but having had this eomplete investigation 1 telt we could temporize 
.. tiot ease Vnd I was vert much mdueneed b\ the taet that this man had no symptoms 

— i, m mv eX[cnence I cannot do loeal surgerv in these eases It I plan to excise the 

-me I ciLt accept the possibibtv that it mai become necc'sarv to do a pneumonectomv, 

K -as of po-ih'e aeeident to a vessel. For this reason I preterred not to operate in tins 

‘•as sal I am glad to >av he still remains Well 

Taun„ a biopsv does not help ten mueh in deeluding ea-cincma. The hard mass is 
a lar to the hard mass in the lun„ with bronchial obstruction due to carcinoma. It simple 
>-its lit tvje oi reaction "so I think eteu luop.ie's do tot etelude eareinotna unle-S the 
a - ’e Ij'- eon be removed and examined thoroughlt .Vs Dr Higginson pointed out, 
1 1 na un h done in some cases I tlnnl it is mueli more latorable when the lol> 

’ In the lower lobe In the ease ot upper lobes lebeetomv n.av bo tcvhnicallv quite 
-1 ll’e 

D' Ik uu has a point that I am not unaware ot This particular subjeet is o a cer 
-n exte-a dvnamite, so tar a> mdustrv is coneernesl be-vausc it we have a situation where 
i i nr developing duabilitv thirtv tear- atter exposure to dust and that di.abihtv is due 
x > are to dust, tlnn «e have a complex and dnheult eompen. ltiun problem. But I thinh 

' cl> ’ r hand that this eonditiou is related to the dust and theretore it is an industrial 

is. a. e 

With res.[c\t to Dr Goldman s question tnanv of thes-c e is have shown bronducxtasis 
- sreieiaal ulceration distal to the ob traction. We have not re-vogni-eHl what vve eoa’d 
■eh a granuloma of the bronchus 
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T"\URING the past few yeais leseetion of nodular tubeiculosis has become 
■L' lather common There aie a numbei of leasons for this Pathologic 
study of resected tubeiculosis as stressed by Medlar has shown that tubercu 
lous nodules usually contain a caseous centei often opening mto a bionchus 
The fibrous wall surrounding nodules may develop slowly or be incomplete 
It is thought that the caseous centei may later liquify and cavities appear or 
spreads occur 

Piolonged bed rest usually has little effect on nodular tubeiculosis At 
times the nodules will deciease slightly m size and become more shaiply out 
lined, but rarely do they disappear except ovei prolonged periods of time 
Antibiotics may hasten clearing of the slight exudation or reveisible element of 
nodular tuberculosis, and in some eases aie of value , 

Since nodular tubeiculosis consists ot solid tissue, the lelaxation of sur 
loundmg lung by collapse theiapy will have no effect on lesolution of the nod 
ules and will probably not decrease the chances of leactivation 

The above is a simplification of the pioblein of nodulai tuberculosis, but 
since the point of this paper is a follow-up study of this type of tubeiculosis, 
it will not he gone into moie completely 

The development of nodulai tubeiculosis may occur eithei by tubeiculous 
pneumonia dealing and leading nodules, bj cavities becoming inspissated, or 
by the formation of true tubeiculomas Many cases, howevei, are first seen as 
nodular tuberculosis, and the method of development is unknown In addition 
to the difference in development, the lesidual nodules may vaiy fiom single 
small nodules to manj lai ge confluent masses It is to be expected that the re 
activation rates in these vauous types might diffei With this in mind a iol 
low-up study of the vauous types of nodular tubeiculosis was undertaken 
Pigs 1 through 12 show typical examples of each type 

One hundred foity cases weie selected fiom a Veterans Administration 
Hospital and from private piactice foi study 

Forty-mne cases weie classified as lesidual nodules left from dealing tu 
berculous pneumonia Forty weie classified by National Tuberculosis Assou 
ation standards as inactive at the time of discharge Two left the hospital be 
foie activity could be determined, and seven were active at the tune of s 
charge Only the patients discharged as inactive need be considered, and, o 
these forty patients, thiee cases reactivated 

Thirty-one cases were followed without having precious loentgenograuis, 
so that the development of nodules could not be determmed Twcntc-four eases 

From the Veterans Administration Hospital McKinney Texas and Southwestern 31 
cal School of the Unlversltj of Texas Dallas. Thoracic 

Read at the Thirt> second Annual Meeting of The Vmerlcan Cssociation for f nor 
Surgery Dallas Texas 3Ia> 8-10 1352 
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vere irom a Veterans Administration Hospital, and main ol these weie dis¬ 
covered irom routine chest roentgenograms on admission to the hospital Sin 
oithetwentj foui had paitial calcification of the nodules, and twenty one were 
upper lobe lesions Results are show n in Table IT 
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Table I Tuberculous Pneumonia Developing Nodules Porta nine Cases 
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of mam nodules with or without a lesidual ot linear fibrosis Both groups 
were leit with a multiple nodular residual No eases with bilateral far-ad- 
uneed tuberculosis in which surgerj could not haie been considered are in¬ 
cluded in this or the other groups Results are shown in Table Y 

Fig 5 Fig 6 
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DISCUSSION 

With the exception of the small group (4 eases) of “tiue tuberculomas,” 
all gioups iveie followed toi an average penod of about four jears No ease 


Pig- 9 


Pig 10 



Fig 11 F ‘S 1Z 

Fig 9 (Case F) —Sliarpb outlined nodule at left second anterior rib IIa*y infiltrate 
medial to this in left first Interspace. ^ j 0 

Fig 10 (Case F) —Soft nodules In left first Interspace are more plainly seen in 
Fig 9 (Case F) T)1 1 j 

Fig 11 (Case F) —Nodules sharplj outlined as compared to Fig 10 (Case ) 
was considered a true tuberculoma. years 

Fig 12 (Case G) -—Multiple nodular tuberculosis left apex. No clearing on 
bed rest. Sputum cultures occasionally positive. 
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vaj included in the study if it had not been followed at least six mouths, and 
the longest tollow-up was one hundied and thirty-nine months As there is an 
impression that n a nodular lesion has been stable for a long period of tune, it 
u has liheh to reactnate than 11 it has been stable 101 a shoit period or time, 
an anahsis oi this was made Cases followed from si\ to twent}-seven months 
>rtre compared to those followed lor longet than twenty-seven months How- 
e.er, no significant difference m percentage ot reactivation between the two 
croups were iound Groups were divided into those of nodules oi 1 cm or less 
and those with nodules above 1 cm , and again no significant difference m re¬ 
activation rate was iound 

There were a total of 140 cases in the study and 35 cases (25 per cent) 
shoved reactivation It onlv the 119 cases which were inactive at the time of 
discharge Horn the hospital are included, tlieie were ‘25 cases (21 per cent) 
that reactivated A total ot 76 cases in the studv were from a Veterans Ad- 
nimLstration Hospital and, ot these 76, IS received collapse therapv Eleven 
received a phrenic ciush and ot these, 4 cases (36 per cent) reactivated Seven 
received pneumothorax and 4 cases (57 per cent) reactivated It is true that 
"t>b a small group received collapse therapv but we think it suppoits the anew 
that collapse therap} does not control nodular tuberculosis 

The reactivation rate was high in inspissated cavities and the multiple 
nodular disease groups but was rclativelv low m tuberculous nodules ox un- 
«cno.vii development and cases of tuberculous pneumonia where onlv a lew 
i oduks remained as residual 

1 '-CE VL KEsCLTs 01 C\SEs W ITIt INCREASE IN Tl UETCL LOSIs Tllll TV HV E CvSEs 

Rescued 

Inactive on bed rest 
Inactive pneumothorax 
Thoracopfastv 
Still active 
Probable active 

----- No tollow up 

, 1,1 ^ cases studied, 35 cases eventual)} bet line Utist iblc either bv cvi 

cll cc ot positive sputum, intreisc in the lesion, or re opening oi civitv is de 
^ mnitd bv \ r iv studv lour ot the patients tli it developed civitv were 
'^xil cither b} piicumotlior i\ or thoracopl istv uul the disc ise was con- 
r 1 cd Ijv collapse Eleven pitieiits still have active disc ise ind 3 ot these have 
1 ‘b\el\ poor prognoses However, nolle ot the patients hive hoptliss dis 
t’sl none hive died One pitunt lias hid no turther tollow up liter evi 
' 1 1 re ntn ition ot Uls elise isc Other results ire shown m 1 ible \ I 

si Mill VI KL-'tl TION 01 III 1 

'Urtv p Hunts who liul resection tor nmliil ir tube re uli.sjs it hist one 
1 tV " U ’ , ' v Were sc h e 11 el lor tollow lip studv V total eil ,l» e.])eritlotls 
* 1,1 these (t p limits uul the tv pc ot resection is sjoun m r iblc 
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Table V3X Extent of Resection 



LOBECTOMY 

| segmental | 

AY'EDGE OB LOCAL 


14 

11 

n 


(13 patients) 

(9 patients) 

(8 pabents) 


Theie weie no major suigieal complications m this gioup of patients, and 
no deaths occuned The aveiage follow-up was twenty-seven months and 2 
patients have shown evidence of xeactivation One patient had a new nodule 
in the opposite lung two yeais aftei resection and one patient had a positive 
sputum culture without a change in roentgenogiam fouiteen months following 
resection. Theiefoie, 30 patients with nodulai tubei culosis (none had cauties) 
which weie followed an aieiage of twenty-seven months showed a reactivation 
rate of 7 pei cent 


Table VUI Results (30 Patients) 


SURGICAL 

| acttvitv j 

1 AVERAGE DURATION 


COMPLICATION S 

! ACTIVE 

| INACTIVE | 

OF FOLLOW UP 


None 

2 

28 

27 mo 

_ 


Caieful pathologic study was done on all surgical specimens The findings 
weie similar to those described by Medial, and we do not think it would serve 
any useful purpose to descube these again 

Smee the reactivation rate of the gioups, (1) nodules of unknown develop¬ 
ment, and (2) nodulai lesiduals following tuberculous pneumonia was much 
lower than that of the gioups (3) inspissated cavities and (4) multiple nodules, 
a comparison of pathology in these various groups was attempted However, 
no definite difference as to extent of caseation, thickness of fibrotic wall, and 
patency of bionehial opening could be detei mined m these 4 groups of nodular 
tuberculosis It has been stated many times m the literature that, because of 
the pathologic findings m nodulai tuberculosis, the lesions aie extremely dan 
gerous and the implication is that all nodulai tuberculosis should be resected 
AYe think that the pathologic findings m nodular tuberculosis are of great m 
terest, but do not think that they should be the deteininimg factor in selection 
of cases for resection "We prefer to evaluate the cases individually and resect 
those in which m oui expenenee the reactivation rate has been high 

Actually, we thuik that most othei groups who are using resection for the 
treatment of nodular tubei culosis aie also selecting cases carefully and are not 
being influenced by the pathologic findings to a point wheie all tjpes ot no( u 
lai disease is loutinely bemg resected 

CONCLUSION 

It is dangeious to make generalizations concerning tuberculosis However, 
we think the follow-up study of control cases of nodular tuberculosis and eva 
uatiou of a small group of resected cases suggest the following conclusions 
1 Inspissated cavities and multiple nodulai tuberculosis hav e a high rate 
of reactiv ation 
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2 Nodular residuals left fiom dealing tuberculous pneumonia and nod- 
uVa oi unknown development ha\e a rather low incidence of reactivation 

3 Collapse therapy does not prev ent the 1 eactiv ation of nodular tubereulo- 

it. 

4 Reactnation of tuberculosis following resection ot nodular tuberculosis 
has been low m a small senes of cases, suggesting that resection mav be a "val¬ 
uable therapeutic piocedure m the tieatment m this type ot tubeiculosis 

o A\ e think that resection of nodulai tuberculosis should usually be re¬ 
united to inspissated cai lties and multiple nodular tubeiculosis 


discem-ion 


DP JOHN VLEXAXDER, Van Vrbor, Mu li This problem is so complex that it 
cl3C -it Le discu -ed adequatelv m a feu minutes Without direct reterence to Dr Shields’ 
!-! I)r Warren’s series of patients (because sulhcient preoperatno data hue not been 
r >■ -ated) but aith reference to the present wave of enthusiasm for resection in man} 

1 1,1 I lute oluerted a ttndenct to treat a large proportion of patients with only bed 
rc and cheinotherapt ( irul ttithout coll ipse therapt) for a period tuning from a few 
to main months, or etui scternl tears Then, tthethcr the sputum or gastric con 
are negative or positite, some form of reSeetion operation is otten earned out for 
- e r unt 0 eno n raphic shadows that represent the lesions that hate not become absorbed 
Mtlou 0 h the pre-ent mortalitt rite of resection is ‘-atisfui tonlt lott, the morbnlitv rate is 
sti tacton and the longterm percentage ot patients hivin„ eonsistenth negative 
c i-tu j of sputum or gastric contents after the cessation oi chcmothcrapt is eicn less 
- Ufa tort 

bale a and until tuhd ctidcnce is produced to show that sm ill or relativelt small 
"leal rccnt-cno-ruphic shndotts (in the presence of eon'i'teutlt negitite cultures of 
ii-onirt eeretions tuo or more montlis ifter the Cessation of chcmothcrapt ) are usuallv 
r t'ea Irupicntlv an important menace to a patient s tuturc health I ur„c that lesions 
1 ah'e fur eollaf e therapt according to the standards of a net tears ago be treated 
r s’bj e therapt and that resection be reserved for tho c piticnts ttho are unsuitable 
■t or in \thom it has been u=ed and has failed 
If tli ftequentlv expre'-Cd assumption is eoncet th it certain -hadot- tepresent case 
5 ' t J s that are virtualh me iiiable Ot beComm„ in rmaiH nth encapsulated and ex 
- i xr .m the bronchi il trie, it is impossible tor me to understand ttht ><» mant thou 
' Iutunts ttho hid l.sions that hail the roeiit-,ino„raphti ippiariuee of small or 
* vil s„ all caseous foci hate lited formant tears in eXi tilt tit lie ilth and tilth nega 
1 0 r -tarts of pulmonart Miniums Mi pita is tor a i ir „ri mr di i rimination in the 
3 of juticnts for rt ection, and for the u e ot Mntublt uiUip e therapt nuasuns 
J ' b tirlt in the ioutm ot aetite tuberculous dl'ea e 
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^ ) 1 \ \\, lilt t-hore \ E —This piper b Lrs out Dr \h 1! ir l. nbiD„ con 
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somewhat analogous to that of subacute bactenal endocarditis Both can usually be con 
trolled by long term chemotherapy However, surgical correction of the residual defect u 
necessary m some cases to prevent recurrence and provide a permanent cure 

DR JOSEPH GORDON, Ray Brook, N Y'—I simply would like to tell you about 
some of the studies we have under way at the Ray Brook State Tuberculosis Hospital, 
Since we were associated with the original work done at the Sun Mount Veterans Hospital, 
and recognizing, as Dr Alexander has said, that this is a difficult problem, the role of 
chemotherapy being applied was not completely understood We have taken a group of 
cases under varying courses of chemotherapy and studied them bactenologicnlly, and 
found that in a group of these cases treated from three to six months and examined care 
fully, they too failed to show growth of tubercle bacilli both in the guinea pig and on cul 
tures We have not been satisfied with this, and have selected a small group of cases with 
the same criteria used for surgical resection with chemotherapy, that is, a patient with a 
known case of tuberculosis who has shown no activity radiologicnlly for six months and 
whose sputum is negative by culture for the same period of time, and have operated with 
out preliminary drug therapy We have resected these cases and have found that here too 
we have been unable to grow tubercle bacilli on culture or m the guinea pig In addition to 
this, we have under way a study to determine whether or not viable organisms are present after 
discontinuance of drug therapy for some six months to a year With no change in the 
roentgenogram and no evidence of positive sputum, resection in these patients will be done 
and the material examined similarly for comparison. 

We have also been studying some cases by bronchography before and after resection 
to ascertain what changes take place in the bronchial tree postoperatively, particularly in 
the wedge type of operation In some instances angiograms have also been done In a 
small group of cases we have found very little evidence of distortion or damage to the 
lung following the wedge type of resection 

DR FELEX HUGHES, Memphis, Tenn —At Kennedy Veterans Hospital during the six 
years prior to April 1, 1952, we have performed 178 resections for pulmonary tuberculosis 
I would like to make several points, (1) I think we must add a word of caution about too 
free an application of the principle of the excision of residual tuberculous lesions I think 
one could not have a better standard to go by than the presentation of Dr Alexander pub 
lished m the Transactions of the American Review of Tuberculosis for 1951 To make an 
adequate choice of the proper treatment of any patient requires extensive knowledge of 
that patient Our patients who were operated upon prior to Oct 1, 1951, are reported in 
our paper presented here by title, and the follow up shows that 18 per cent of these pa 
tients that have been resected have had a recurrence of disease I want to point out, bow 
ever, that many of these cases were operated upon early in our resection experience for 
tuberculosis, that we were using only streptomycin, that we were doing many segments 
resections, and that we were doing many patients with acute or progressive disease, 
think it is very important to point out that these cases must be carefully selected to g>- 
good results _ . 

Another point I would like to make is that our results between April, 1950, and P r > 
1952, are greatly improved over our results pnor to that time Before that time we were 
using streptomycin alone Since that time we have used at the time of resection 
mvcin and PAS We have given PAS daily to those patients who can tolerate it 
not think there is any doubt that the combination of the two gives better results 
streptomycin alone Our results now nro beginning to confirm those shown nt Sun ^ 
tliat streptomycin given one gram daily with PAS 12 grams daily, for long periods o 
will produce lesions that will show bacilli on smear, but the bacilli wall not g r0 ' r 
have seen this more often after daily streptomycin and PAS than we have seen i 
patients who have had streptomycin twice a week and PAS daily It has occurred in 
patients too, but not so frequently 

During the Inst two years we have done 110 cases with three spreads, three emp 
air leaks, and one fistula All were succcs3full\ treated bv ward procedures 
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leather point about the treatment or late recurrences, the recurrences that occurred 
liter rejection were more ensile treated than other lesions, and we hare obtained better 
a I s I would like to mention resistant cases I do not think, a patient who has bacilli 
tin are resistant to streptomvein should be denied a resection if, from clinical eiamina 
t jZ, he is a good nsh patient We find that many or these patients hare bacilli that are 
r-sitire after the residual cavity with the resistant bacilli has been resected We have 
. cd Loth the drugs in resistant and sensitire cases, regardless of the sensitintv results 
I think re ection now is the preferable tape ot treatment for residual tuberculous lesions 
a e'ected ca.es The Kennedr Veterans Administration Thoracic Surgerx Section Staff 
i -! row done 2s5 subtotal pulmonarr resections ror benign lesions with no deaths This 
it in addition to the prcnouslr reported Armi series or 23o lobectomies with one death 


DU CUAPMAX (Closing) The original purpose of this studr was to trr to find out 
shat was good to resect and what was O ood to luce Our main conclusions run about as 
f nodules that developed from exudatire disease, from bronchopneumonia, or rrom 

,-ciniotiic disca.c, regardless or their number or their size -ccm on the whole to be re 
'ituch benign and not to require resection Nodules which dcrelopcd p irticularh in the 
r, cal posterior rtgions from cau.es that are unknown—where we hare not ritualized in 
i-t llrns the origin ot these nodules, but where we simplr know ther are nodules trom 
t'e time they are 'een, there tlio-e nodules are multiple again regardle-s of their size— 
-»re an citrcniele bad prognosis That is reallr not taring anr thing more than giring 
3 a ‘tati tical fashion what er err bode has for a lon„ time thought The tr pc of tlnn„ 
l-rt -tc are calling nodul ir disease is the tame thing that Dr tmber'On in times past hat 
rt <rre 1 to as indo’cni tuberculosis which brort-it downward tlowlr That is what we are 
ahir, ah iut at representin r> the tr pe with the hi„lu tt aai tie at ion rite 

In answer to Dr Alexander’s comment I would 'ltiiplc sar that i hr Rl number ot 
e [aticnts either had pliremcs or pneumothorax or prolonged bed rest, or a number ot 
1 r r things, for po siblr two lo tliree rear' with tabilitr lollowin B \nd still the pa 
’ * ro »‘ down again \\c would regard this trpe of lesions as ones which tundamcii 
are not compre'sib’e It ther were compressible collaptc would 'ccm to be a reason 
- 1 r e-eslure But these are h ird ther are 'hottr and like marbles ind I eannot quite 
' t jw ^ coHap e n easurc which depends lar^elr upon the clastic retraction of the lun„ 
r ‘ >J hl hare much effect on that kind ot turn non re'ilicnt ttrui ture 

I that rcaton, t UO n liter We bc„an to learn iroui Dr Medlar what the-c ea. es Were 
1 ' ' i„an re eetiri^ them On the whole I think from the n^urcs m hare that I' 
-1 11 to nl Js r i,nt roturreme rate or di'iluhtr rite in tin origin ll „ruup of nbronod 
1 . »uh alcut a lj jn.r cent re ictiration -ubseqUent to re'eetion in till' „roup the man 
' 1 ' l% fl eetion teems preferable It it 'till not a „<wid „roup and I -u pect, ot 

r r 'hat in the futuri as uc follow the'e p itient- for longer than tlnrtr month', We. 
J '■ '1 hare our re„rclt 
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THE COMPLICATIONS AND THE RESULTS OF TREATMENT OF 
BRONCHOPLEURAL FISTULA FOLLOWING RESECTION 
FOR TUBERCULOSIS 

James D Murphy, MD, Barney B Becker, MD, ind 
H Y Swindell, MD (by invitation) 

Oteen, N C 


I N SPITE of the development of chemotherapeutic agents and refinements m 
sutgical technique, postopeiatne bionchopleuial fistula contmues to be a 
iiequent compheation ot resection foi tubeiculosis 

A few studies concerned with the pathogenesis of bionchopleural fistula 
have been made Repoits dealing with the treatment and subsequent course 
ot a gioup of such patients, howevei, aie laie This papei will deal with the 
complications encounteied m a senes of thuty patients who developed post 
leseetion fistulas between Octobei, 1945, and August, 1950 The methods and 
the lesults of tieatment will also be discussed A comparative summon will 
be made of a gioup of fifteen patients who developed bionchopleural fistulas 
tollowing opeiation and w eie tieated duiing the past yeai 

The moibidity late of pulmonary leseetion incieases maikedly whenever 
a fistula develops This mciease is usually associated with pulmonary or 
e\tiapulmouaiy spiead of the disease Death otten lesults fiom the effects 
ot the spiead A peisisteut positive sputum iiequently follows the fistula and 


peisistent sinuses aie the lule 

Seventeen of the thuty patients with fistulas, 01 56 6 per cent, dev elope 
pulmonary spieads One occuiled on the sixteenth postopeiatne day, befoie 
the fistula was diagnosed In foui patients a spiead developed simultaneoush 
with the fistula The spieads which occui led concuriently until the fistu a 
weie extensile m chaiactei In eight patients a spiead occuired after the 
fistula uas diagnosed These ueie appaient fiom tuo weeks to eight mont s 
attei establishment ot the fistula The lemaming foui spieads followed sta D ei 
collapse pioceduies oi appealed attei the fistula uas thought to be ilosei 
It should be emphasized that the bionchocutaneous sinus must be kept open 
until the fistula has definitely closed If this is not done the an cont nniiie 
pocket aiound the fistulous opening acts like the bulb ot an atomizer an^ 
causes a spiaj ot infectious secietions to be torced into the bionclua 


w ith each v lolent cough 

The lesults ot pulmonaiv spieads aie shown in Table I Six pattens, 
35 2 per cent, died as a lesult ot the spiead Tlnee, oi li 6 P er L>en j ‘' , 
piogiessive disease and m eight, oi 46 2 pei cent, the disease is stun ize 


Tom lme a pei sistent fistula 

Rcclewcd In the Veterans Administration and published w 1th th e approial tjfe Vesult of 
Medical Director The statements and conclusions published b> the authors ^ ^ r . in . 
their own stud} and do not necessarily reflect the opinion or policy of the vi 
tration. . Thoracic 

Read at the Thlrt} second Vnnusl Vlectlng of The Americ in Vssoclatlon 
Surgerj Dallas Texas Ma> S 10 1952 
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TvBIE I ItEsCLTS 01 I’lLMOMTl bPrEALS 


L -dULL Ot 

| DEATHS 

H OGPESSIVE DISEASE | 

PERSISTENT FISTULA 

St uLAUb 

1 VO 

! PET CENT | 

NO | 

PET CENT | 

NO 

PEI CENT 

17 

0 

33 2 

3 

17 e> 

•1 

23 5 

h vtr lpulnionai} 

spleads 

weie less 

common 

but were 

umtoimlj latal 


Three patients incurred e\ti apulmonaij, spreads which contilbuted to their 
'hath 7 vo ot these de\eloped tubeiculous meningitis and one tuberculous 
Irneanhtis One meningitis death oeeuned fi\e montlis after pneumonectomy 
“ r 'l mother three and one half months altci lobeetoinv Tubeiculous peri- 
'■anlitw developed in the third patient one month alter 1 paienehvmal spiead 
'uurrul The p it lent died mnetj dajsaitci pneumoneetomj 

5t the piesent time si\ of the tluitv patients li.ive persistent bioncho- 
u>t uiemis fistulas in spite ot unmet oils attempts to close them suigiealh Two 
,j i tin si hive a (piestionable piognosis and fom have shown piogiessive lm- 
jiru\eineiit A sinus li.es peisisted in seven patients altei the apparent closure 
"* hsttila Si\ or these have st lble pulmonaiv lesions mil a negative 
( h the nine patients (Table If) dev eloping a fistul 1 following Jobec 
tllln ' lour fistulas, 01 44 4 ]iei cent ue closed Twelve or 57 1 per cent ot 
' ,,L l , "' ,t l , mumoneetomv fistulas ai e closed 


Tviur It I’m i\t we oi clcsiiiw Pi e>\( mu lellal I- isre las 


s,, ot I HsTl L\ I'LOsllI 

HSTl I_\S NO 1U ll T 

_ 0 1 ~ Ail 

_ r iei-on.< tuni y _|1 U 37 j 

Jr l n. umonestumj patient .tied of ellabetlc coma at hums iftcr closure of tin. Ilntulo. 


him ot the tluitv patients who developed fistul is died Ihght tie iths 
^ ri lUnl| ut ible to compile itmiis re suiting 11 om tin fistul 1 One p hunt died 
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two mth open fistulas and thiee with small chest wall sinuses Three patients 

° f V 1 ® S , eU , es had actn e chsease and a Positn e sputum Two of these had a 
doubtful shoit-teim piognosis 


Table EH Fin vl Results oi Treatment 



*NO OF 
FISTULAS 

PATIENTS 

HYING 

PATIENTS 

DEAD 

IN 

HOSPITAL 

DIS 

CHARGED 

FISTULA 

CLOSED* 

PEE 

SISTEXT 

SINUS 

Lobectomy 

9 

6 

3 

3 

a 

A 

1 


21 


Total 


15 


30 


12 


21 


11 


10 


16 


•Se\en patients with persistent sinus are included in the closed fistula group 


Early diagnosis is of paiamount importance in the treatment of broncho 
pleural fistula The diagnosis was made an average of fifty-eight davs follow 
mg suigeiy in this gioup Various adjuncts were used in suspected cases to 
help establish the diagnosis These included bronchoscopy, instillation of 
methylene blue, ethei, and ladiopaque oils into the pleuial cavity and the 
determination of intrapleuial pressures Gas analysis of intiapleuial air was 
tiled m tw o patients but did not contilbute to the diagnosis 


TREATMENT 

V hen a diagnosis of fistula was made, tieatment was considered to be an 
emergency mattei The objectives weie thieefold first, diamage of the 
pleuial space, second, eradication of the space by the re expansion of remain 
mg lung tissue or obliteiation by thoracoplasty, third, closuie ol the fistula 
itself 

In the majonty of these patients diamage was established by means of 
open thoiacotomy This immediately lessened the chance ot spread to unin 
rohed areas As soon as the patient’s condition peinutted, obliteration of 
the potential empyema space by means of thoracoplasty was attempted An 
anterior stage undei local anesthesia was usually possible within a week or 
tw r o after drainage The posterior stages were then completed under local 
or epidural anesthesia as rapidly as the patient’s condition peimitted As the 
infected pleural space diminished in size the patient’s condition generall} 
improved Frequent blood transfusions were necessarj duiing this period. 
Aji aterage of five or sin opeiatne proceduies, including partial scapulec 
tonnes and Schede type thoracoplasties were necessary before obliteration 
was attained Vhen the space had been 1 educed to a narrow sinus, there 
were several rather dubious choices to select from The tracts w'ere delineated 
wuth radiopaque solutions and a determination made as to whether to attempt 
a plastic closure using a muscle graft, attack the bionchial defect direct)}, or 
be satisfied with a living patient who had a small draining sinus and an m- 
irequently positne sputum Our results with plastic closure and muscle graits 
hate not been encouraging In a few patients there was apparent earh sue 
cess but the majority subsequentlt broke down and required further surgert 
or w'ere treated wnth long-term chemotherapy 


MLRPill ET 1L. TREATAJEX'T OF BROXCHOPLElKAL FISTULA 


5 S 1 


During the past year our initial attaek has been more eonsersatne -Vs 
« jn -la a fistula is diagnosed a large catheter is attached to a Stedman pump 
-id inserted through an intercostal space This takes care of the immediate 
t-iergeni\ and gnes time to determine sshethei the air leak is due to a break- 
i’o ui <ji the bronchial closure 01 to escape irom a ran suriace left as a result 
of segment ll resection or lobar separation Fifteen patients (Table IV) haie 
tten treated in this ua.i Four of these ssere treated with closed suction only 
In three the lung w as re expanded and the temporary air leak closed m tv. enty - 
lour hours One has a definite fistula and remains on closed drainage A 
H-umelars open thoracotomy was done on the fifth patient and a small cm- 
1‘Uma space unroofed 


TiBLE n KesLLTS I\ FlrTEEJ. P STIENTS TFEATFD \\ ITll ClXIaED DRAIN ICE IMTIILLI 



\0 

| FISTl L.S 

1 CLOSED 

SPITI M 
ne r vnvE 

DEATHS 

* Jo e»] draim^c onh 

•4 

3 

3 

0 

Vnl thoncotomv 

1 

0 

0 

0 

Vn 1 i Moil thoracoplast\ 

") 

”) 

o 

0 

rel uriiion ot remaining loin 

3 

3 

a 

0 

i ‘H'son<I r ir\ ft tuh closure 

) 

0 

0 

2 

Total 

13 

11 

li 

2 


f losed drainage lolloped In a limited thenae oplaxts was done on fne pa 
tMits The fistula closed, the sputum remained negatne ind the wound 
■ in t it‘h patient 

f"irh upui thoracotomy and excision 01 a remaining lobe or segment or 
I"k in re done in three patients with complete success The wounds healed 
r 'l the sputum became negatne Early open thoracotonn and suture of the 

r ituli litre clone in two patients Both fistulas reopened md both patients 
1 1 il 

j ‘he results obt lined in this group of fittccii patients indicate th it c losed 
rjI,n -'' tolloued if neetssiie In a tlioracopl ist\ or second ir\ resection oi 
renaming lobe is a desirable method of tre ltrnent ten postoperatne fistula 
j * 'bti rife m this group was 10 (i per cent Thirteen pitients tre 
’ l ' lU11 ot them ha\c a negitne sputum iml i he ded wound Two p i- 
operated upon hnc a sin ill resielud listul t iml i negitne 

1 itum 

h* I'toimtin uid pari immos dies Ik teid were used lor long periods 
‘1 these pitn tits with tilt exception ot tile one who dieel be lore tre it 
cutifii lit instituted ( oiisi re itnc tollapsc measures sue li is pm uiiio 
” urn \ i rc Um <1 wlitm \ i r si>re ids oei urre d 


I 


\ 


si Mil \lt\ 

V m, rt ilitx riti «.t .11 p ( r out u is imimntirol m i group ot thirls 
' 'iloped a hroitt hopleur d listul l ilti r rout lent lor jnilnnui irs 

Oi .> l, tw t , n Oi t„h* r 1 ‘»("» md \ugint Di ith s is umi ills ,1m 

' " I ’* 01 pubuon irs or » xtr ipulmon trs spn id ol the dis< m 



582 


THE JOURNAL OF THORACIC SURCLRi 


2 The mortality rate decieased to 16 6 per cent in a smaller group of 
fifteen patients who were treated by a modified techmque dining the past 
year The period of observation in the latei gioup, of couise, is compara 
tively short 

3 Emphasis should be placed on efforts to avoid bionchopleural fistula 
by means of caieful case selection and pieoperative preparation 

4. Chemotheiapeutic agents should be adnnnisteied continuously for a 
long enough period hefoie operation to stabibze the lesion 


right 
reasons 


DISCUSSION 

DR C THOMAS READ, Phoenix, Anz —There is a period m which the patient is de¬ 
pleted fol'owmg a fistula, especially postpneumonectomy, and a series of operations is usu 
ally necessary I have had two experiences recently with what I would say were just fair risk 
patients One had a fistula ninety days following pneumonectomy for carcinoma, and this 
man was a respiratory problem at that time The other patient was a 10 y ear old man w o 
had a resection for extensive suppurative disease on the right side He had a fistula deieop 
in thirty days As soon as the fistula developed, the patient was removed to the hospital fro 
a convalescent center, a tube was inserted into the chest through an mtenostal space, and 
next morning each patient had a complete thoracoplasty with thoracotomy and repair o 
fistula 

(Slide ) This is a 40 year old white man who had extensile suppurative disease on no 
side I was forced to do a pneumonectomy in this situation for numerous Prac i 
reasons You will notice on the left side the site of a thoracotomy, at the age o 
years, this patient had an empyema In addition to having had drainage, a previous ir 
gram disclosed basilar segmental disease on the left side I mention this to s' 0 ” ho 

patient was only a fair risk from the standpoint of pulmonary function 0 - Cl j ura 

had only a partial left lung with which to breathe This patient tolern e P ^ 
very well The thoracoplasty consisted of nbs two through eigit, an ysis ip^e 

superiorly from beneath the first rib He had a satisfactory postopera ive 
older man, who was 55 years of age, was a much worse risk than thusi pa i lasty 

monary function standpoint, and he recovered m a like manner ° ,°')'ft the hospital n 1 
tube drainage was accomplished with water seal and suction Botli patients lef 

about seven days . f or 

I realize that these operations were done on the right side, nlul "" C “° u ‘ m un du 
tuberculosis nowever, such a method of management might be feasi e i 
discussion ^ 

DR DANIEL A. MHLVIHILL, New York—I am sure we are all 'cry “^Xui for 
this fine presentation of Dr Murphy and his associates, and nlsl 0 ^ is 

their very careful cbmcal observations, and their critical anahs.s 0 complication 

bound to be helpful to all of us who still have to contend with this as - (, 

of resection surgery tir , n 

I thought it might be of interest to you to present a parallel «•'{“•«“«■■ “ Al , min 
stitution in the Veterans Administration, and I speak for the group a u c j£ 3rc 

istration Hospital at Castle Point, N Y (000 beds), where Dr Charles Lester and ^ ^ 
co consultants, Dr Ralph Fr.edlander, an Associate Member, has also taken pa t ^ 

Beforo showing vou our results, I would stress that the operative procci n j„| fc the 

have been done over a period of fi\e joars by n changing group o pera , tratlT c 

consultants supervise and sometimes help with the sur 0 er\, the netua P re uhuh has 

eare and the operative pro. edures hn\e been done In a changing group ' , 0 { 

included three successive chiefs of surgery and seven junior surgeons who were I 
their training in tuberculosis surgery 
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DR LOUIS R DAVIDSON", New York —I should like to congratulate Dr Murphv for 
truthfully telling us what he has told us In other words, I want to congratulate him for his 
intellectual honesty We recently have completed at Seaview Hospital a surrey of the results 
obtained in cases operated upon for pulmonary tuberculosis It was noted that between 
February, 1944, and February, 1952, 512 excisions on 4S7 patients were performed by twenty 
one visiting and resident surgeons As pointed out by Dr Murphy and his group, we found 
bronchopleural fistulas to represent the greatest threat to the ultimate welfare of the patients 
Eighty two fistulas hare been encountered, this is a 16 2 per cent incidence However, you will 
note that in the 512 operations there were 333 pneumonectomies, which is an indication of tho 
type of disease we are meeting with at Seaview Hospital There were 150 lobectomies and 
twenty nine segmental operations 

It was of particular interest to us in collecting these figures to note a definite dif 
ference in the mcidence of fistulas on each side, as Dr Mulvihill indicates Fistulas on the 
right side are three times more numerous than those on the left Even the lobectomies re¬ 
vealed the same difference These fistulas accounted for the greatest number of deaths In 
all, there were ninety seven deaths—the overall mortality, not from the fistulas, a mortality 
rate of 19 9 per cent Of these deaths 31 were due to bronchopleural fistulas with associ 
ated empyema In addition, there appears to be a definite age relationship to the incidence 
of fistulas, increasing in number with increasing years We cautiously submit that the answer 
to this difficulty may be found in a modified treatment of the cartilages, a problem upon which 
we are engaged at the present tune No definitive statement can be made, but a very solid 
impression is now held that with this approach to and a consideration of the rigidity of the 
cartilages, the incidence of bronchopleural fistula has been very definitely decreased 

As to the methods of treatmg this complication, thirty of these fistulas, or 36 6 per 
cent, have been closed m the following manner twelve were closed by bronchoplasty and 
thoracoplasty, twelve were closed by sodium hydroxide cauterization, five were controlled by 
completion pneumonectomy, one was controlled by removing the lingula—a completion lobec 
tomy Of the 31 cases treated with sodium hydroxide, 12 of the fistulas closed, four prob¬ 
ably closed, four are still being treated, and the others are definitely unsuccessful 

It is the opinion of our group that a bronchopleural fistula should be treated early 
Sodium hydroxide cauterization should be utilized before extensive empyema has mnni 
fested itself The best results with the use of this agent have been obtained in the smaller 
fistulas, and especially with a granulation response that occurs after only two or four ap 
pbcations Where possible, patients with frank empyema should have excisional surgery in the 
form of a bronchoplasty, a completion lobectomy, or completion pneumonectomv, as the case 
warrants This added surgery is unfortunate, but it is perhaps the only way of salvaging 
patients who, m the great majority of instances, would succumb to the fistula and the resulting 
empyema These operations were performed upon 487 patients, there were ninety seven 
deaths, 390 patients are living, 208 patients we are now seeing m tho outpatient department, 
forty are being followed by private doctors or other cbmcs, eighty three are hospitalized, t 
great majority of whom have been recenth operated upon You will note that lift' nin0 
have been lost in the follow up 

Of these 208 patients, 121 are on full time activity in various types of emplovment - 
rather unusual observation is interesting—thirtv seven of our patients had forty one pi 
nancies Four of them have had two pregnancies during or since their excisions, three duri n 
their pregnanev Of these thirty seven cases twenty four had pneumonectomies, n, ne• 
lobectomies, four had segmental resection Of the thirty seven case*, thirty six of t 
mothers continue m good health and one is dead 

I will close by quoting one sentence from the abstract of Dr Murphy’s paper De F ^ 
the increased morbidity following development of a fistula, the over all results of rwix 
have been so favorable as to result in its adoption with increased frequency 

DR WILLIAM M. LEES, Chicago—I think vve should at least, while vve arc tafimh' 
of the treatment of bronchopleural fistulas, also take cognizance of what causes a r° nc 
pleural nstula. Arc \%e perhaps operating through bronchi that have either been cm 
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i-ai'cl ‘a Iatc a tuberculous bronchitis in the past, or are we operating upon one in whom the 
_i luLas bronchitis still shows re 5 nlual evidence o£ active miection, whether it be mucosal 
all I mention this point because in a senes of sixte hee resections, our pathologist 
1 c fo-sl an overwhelming majontv showing tuberculous bronchitis at least in the submucosal 
L. t i. 

Tie wend point I wish to mention is th it 1 think the old -tore of bronchi il closure 
Jl be cotcidcred. The Use of a noncrushing clamp, it a clamp is used, and the Use or 
—e ‘aarc material, perhaps 00000 silk on an atraumatic needle, as I have done reccuth, 
—,l' be the answer—I do not know However we liave had onlv nve bronciual fistulas, three 
' ah h we have been able to take care of with simple collapse measures It is obvious from 
-'e 'mm-wa that most of the nstulas occur on the right side AnatonucalU speaking, on 
d-* '-ft j e , r0 hnon the reason win n'tulas are comparativclv uncommon The bronchus 
'n'-s into the aortic window and with one or two sutures wc ma\ i lose the mediastinum 
-tr'e el> On the right side, I think wt should la evtrcnele i irctul to have some torm of 
t r‘rc_ hial tissue to cover the bronchial stump and perhaps this together with atraumatic 
mar redine the incidence of brom hial fistula- 

l>lc J \MEn CYltSWELL, TP, Mclvinnee, Ttxa-—Our oipaiau, although much lc s 
r - — '! an that of Dr Murpln, parallels his results of earh nstula a- just reported I 

- -'I 1 » to Liang out the fact th it in our li mds iln ire itnn ut ot broiuhophuml nstula dc 
t s- Ht followaa„ reseetmn lor tubcrculo-is is i niuili more difinull prob’em than that 
1 '-cl be a nstula of -titular degree in nontubiTculous ia e= particularle alter pneumom-c 
ktur cipiricncc with -nondare clc'ure ol a wide opm brom bus and p' i-tic ubl tint on 
r-Sinn„ <pacc in nontubcrculous eases has be. n e t re itt-f n tore end lno-t uusati-fac 
rx a t jUtc ulou .1 ea-is 


Id' DYWD H \S kTFRM VN, Knowlife, Turn—The <li astrous putmtiilitiis of 

- - , oral i-tuli eecrc impres ed upon us carle in PUT be a < a-e of left ujiper lol e 

r ai r Inn- ab-ec », eehere the bronchi el -tump erodeel dire, lie into tie. oecrle n^ 

- -an ar.ere on. month po-toperatieele \ mis-ei leuioptes- u is the nr-t anil fatal 

a ai It oceumd to u> th it the interposition ot a mon -ul> tanti il I irrur thin the 
• J ' ,r ,J C pleura eec had hen t of ore used eeould llToiil n naUr proles lion and promote 

“ “I ; ’ 1 s s mee that time We have hid onle one -l^mtu eut brom hop’n ural ii-tul e m our 

- - ti o tion- Th S S.ries inelules onle ei is eelo ri the dlsea-i eea- otee at tin 
J 110 1 and doe- not include me - 0 call'd tul i r< uhuua wed-i rt is non-, or . is, > 

a file eea- in edespu vie fulloee up, hence Wi think tie nguti i- jirobable 'i„ini e eut 
^ t -rounds that prophelaxis is the 1- t triatui. nt i*t bromhoplturtl n-tula, I would 
*■ tjra e the uho t that h is not Kan 1 ml ot br« l ehi il elei-ur an 1 no ntion the t>s h 

, "** 1 u< ll ii ik taae In re ponsildc tor the loo ineijinec of n_tul i h. i itiille it is tin 

is oil om, mill diiTiritoe in it the bromhu- is d vole 1 provn ial to tin u ual 
l ~ i' Atl I mt.riuptial -u uris ot no bl it I si]J a r. ) la « 1 on - tin cut ml of tlie 
i "* I' h ft Ion„ \. fr.i graft of p\ uri is 1 ike i fr< m tin el i >t wall ai d 

"* Im*rt’i cut ia l of tin bromhu. Usin„ the h ng bri i ’nil uti n > to lo 1 1 it in 

* ' oath -1 s implicit e it-ilf 11 1 ha- 1 no u» think n i -t i T.s ti\e 
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ond and thud ribs, and did an apicolysis, leaving a catheter m the pleural space, with the feci 
mg that the coaptation of the parietal pleura and the raw surface might be helpful in as 
suring a good sealing of the leak m the bronchus The patient made an uneventful recover?, 
and has had no further evidence of fistula 

AVith this to encourage us, some tune later we had a boy who had a verc slow air leak 
for about seven days We were never able to remove the tube because, although he expanded 
fairly well, we were afraid to do it This time, rather than opening the pleural space, we did 
only an apicolysis and a modified thoracoplasty leaving the catheter in place, with the coapta 
turn of the parietal pleura and the raw surface of the lung This bov also had an uneventful 
recovery 

I would like to derive two points from this One is, that bv the conversion of an intra 
pleural space into an extrapleural space and the coaptation effect of the parietal pleura on the 
raw surface of the lung, we may effectively seal off some of these early fistulas The second 
is that we were impressed by the absence of shock in these two patients who were opened 
through the same wound on the fifth and the seventh postoperative days Wound healing was 
not delayed, and our results were satisfactory 

DR BECKER (Closing) —I want to thank the discussers for their excellent comments 
and the moral support that we were given We axe envious of the people who haie no fistulas 
to report and we sympathize greatly with those whose experience is similar to ours We feel 
that awareness of a fistula is a very important thing The diagnoses in some of the^e cases 
were not obvious and required painstaking methods to determine that the patient had a fistula 
The fistulas m this series were not all early ones One case was first detected 253 dais follow 
mg the operative procedure As Dr Alurphi said, the earlier the diagnosis and the earlier 
the active treatment, the better chance of rehabihtatmg these patients 

I might also comment, since closure was brought up, that we have a senes of cases which 
we compared with our previous series, of patients who were closed by tho Overholt technique 
We took the twenty previous cases and compared them with twenty we did bi the Ovcrholt 
method, these were pneumonectomy cases In the previous group we had six fistulas U«ing 
the Overholt technique we had only two fistulas We feel that this method of closure will 
prove valuable m treatment of these patients 

In replj to some of the comments that were made, we have also used total thoracoplasties 
soon after development of the fistula We believe that the first rib should be removed in these 
eases, and we also believe tint one must have a patient who is fairly well stabilized for him to 
tolerate the procedure We have used epidural anesthesia and it has been a great adjunct m 
this type of therapj Dr ilulvihill stated that his fistula rate increased m the last stxtv nine 
cases I am afraid our experience has been very similar to this We have taken patients "ho 
were more of a risk because of our early results, and we found that our difficulties did m 
crease As Dr Sanger said, we feel that the prone position is verv important, and with tliat 
position postoperative spreads have been almost minimal We have not done concomitant 
thoracoplasties because we feel that if we can get along without them, wc do conserve ' en 
tdatorj function We treated one case with sodium hydroxide, as Dr Davidson hns recom 
mended This was a case that had a fistula of fairlj long duration and we were surpree 
when healing occurred, the patient is now discharged 

Concerning bronchial covering, we have used bronchial coverings, but we have on 
statistical!} that there was no correlation between our fistula rate and covering or not cover 
ing of the bronchi. I would like to show one slide in conclusion, which mav illustrate the pot 
that these fistulas are not always apparent 

(Sbde ) This is a series of cases that we presented at the Strcptomvun Conference in 
St Louis in 1951, and it illustrates all the resections that were done in the \ eterans 1 ni 
lstratxon Hospital and those done at Oteen Our fistula rate vas higher, 12 3 per eint, but ^ 
rate of spreads and our total deaths were much lower Be feci that some of the spiv 11 3 
the deaths were probably due to undiagnosed fistulas 



PLASTIC SPONGE PROSTHESIS FOLLOWING REJECTION IN 
PULMONARY TUBERCULOSIS 

Jc-'U'H \\ Gvue, M D , Axthon\ R Clrreri, M D , WTllivm P Yolng, M D 
tm ivutvtion) end Helen A Dickie (b\ inmtvtion) 

3Lydison, Wis 


I T ILl's been known fur more than fitte eeais that under proper conditions 
and indications a ioreign body implanted m the extrapleural space will 
dtflmtely enhance the efhcience ot collapse therap} m the treatment oi pul- 
l jnan tuberculosis Yanous matenals ha\e been used lor this purpose, m- 
duding iat, gauze, rubber sheeting, iubber bags, wire mesh, and an None 
<-1 these proced paiticuhrlv satistactoie until Baer in 191J, reported the use 
'i parainn This material lor jeais etijoeed the greatest populante and was 
-eneralL accepted as the mateiial oi choice to be used when plombage was 
>’'heated This popularit\ continued until "Wilson and Baker, 1 m 1940, re 
eurted their e\pciiciice with the implantation oi methacrelate molds in the 
^trapkural caeities ot forte dogs Wilson 2 later reported the results oi the 
“^plantation or these molds in the extrapleural caeities ot fittcen patients 
"h pulnnmarj tuberculosis Methel methaerelate (Lueite) eiijois certain 
I *dertus which nun} workers ielt ga\e it a distinct advantage oeer parainn 
‘ luhter, produced less tissue reaction and was much eisicr to handle 
1 iCu possessed cert un dis ideant iges which elu not come within the scope 
‘ dm j) qn r 


's rt section surger\ became better eleeclopid and it was possible to re 
die entire lung with i tair degree ot saute, certnn new pi obit ins pri¬ 
d'd tl 1 m,cl\ es It w is soon realized that when an e ntne lung w is retnoeeel 

I d i isc slleh as bioiu liogeiue e irelliom i i luge de id spice w.is lclt 

1 ’ l ~ 1,1 1 ''hitting ot the nitdi istinuni to tin operatt\c side and m o\cr 

II 1,1 1,1 die rein lining lung The o\ere\p tndeel lung inline mg pneunio 
, 11V * r '' been shoe u be t ourii liul uiel his to workers’ ‘ to retluee the 
1 i non ire lumtion iml reseree in loth ulults ind eh’lelreii In some 

, L ^ '"’U’h pun md despite i otenrreel lollownu 1 ir„c reseetions 

1 r 1,1111 ot the dt id spiee Ills been tceompllsheel be phrellle section iml 

lUitv < bie otln r me thud e\ is tti illoee tin e i\ite tolillwitn i st ro 
~ ""'ill t! Ut e hie h Hi time bt e line or_ llll/etl 
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It does not seem stiange, then, that with the expenence gained m extra 
pleural implantations of foreign bodies some type of prosthesis might be mdi 
cated in the pleural space aftei pneumonectomy Johnson and his co workers, 5 
in 1947, reported the use of a laige, hollow metal prosthesis of zneomum and 
also the implantation of multiple small, hollow plastic balls of Lucite Small, 
Clagett, and Grindlay 8 reported on the use of a gelfoam piosthesis in 1947 
This proved unsatisfactory because as time passed the gelfoam was completely 
absorbed They also tiled a polyethylene prosthesis which was more or less 
flexible and which was filled with glass wool Each of these materials had 
some drawback In 1950, Gundlay, Clagett, and Rydell 7 lepoited on the use 
of a plastic prosthesis which was made to a size roughly that of the pleural 
space of the removed lung Grindlay and Waugh, 8 in 1951, lepoited on their 
experimental and clinical expenenee utikzmg the Ivalon sponge as a frame 
work for living tissue These authors used the sponge in vanous ways un 
related to thoracic suigery, and, in addition, implanted sponges in the pleuial 
cavities of eleven dogs following pneumonectomy None of the dogs showed 
any systemic leaction Exammation of these sponges two to eighteen months 
after implantation revealed that theie was firm fixation to the chest wall, 
while on the diaphragmatic suiface the fibious capsule of the sponge was 
covered with a smooth and glistening layer of pleuia The mediastinal surface 
was loosely adherent to the structures of the mediastinum Micioscopic e\ 


animation of removed sponges levealed no inflammatory leaction, the sponge 
spaces were occupied by cellular tissue and bundles of collagen fiber around 
large spaces, the Avails of which weie lined with what lesembled a single layer 
of vascular epithelium Levine and associates, 0 m 1951, repoited the miplanta 
tion of several substances in the extraplemal space of dogs These authors 
used vmyl copolymer, polystyrene, cellulose, and neopiene Each was dis 
carded because of some disadvantage, langmg fiom lack of uniform physical 
pioperties to toxic effects Levine and co-workeis, like Gundlay and Waugh, 


found the Ivalon sponge the most satisfactory in the experimental group 
Hurst and collaborator, 10 in 1951, repoited the clinical use of Ivalon in extra 
pleural pneumonolysis m fifteen instances Two patients had insertion of the 
sponge after resection, but no mention was made as to whether it was place 
intra- or extiapleurally Chaibon and Adams 11 used the Ivalon sponge in dogs 
to prevent o\ eidistention of the remanung lung following resection Thev 
concluded that the Ivalon sponge was unsatisfactory as a prosthesis since i 
became hard as a stone, and its adherency to the pericardium might inter ere 


with cardiac action 


There are certam requirements which have to be met before any foreign 
body is placed in the tissues or utihzed as a prosthesis The material skou 
be nonirritating, chemically inactiA e, stable, and produce mmmium foreign 
body reaction It should maintain its size and shape, be light in weight, easi 


removed, and, a ery important, it should be elastic 

FolloAvmg the favorable report on Halon by Grindlay and Waugh, ivhic 
suggested that it approached the aboAe critena better than any material P r 
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. oEslv ined, we undertook to iepeat their experiments Furthermore, we 
unpared the reaction produced b\ Ivalon with other agents commonly buried 
u body tissues 

Our findings corroborated those ot the Mavo group "When the sponge 
•wj plated mtrapleuralh it became adheient to the visceral and parietal 
c'tural sunaces in the form oi a thin layer ot mesothelial tissue On palpation 
the sponge had an India-i libber consistency (Fig 1) 



• ■ —>pom,' Intr tpl urull>—4\tun weeks postoperatK el> MsCcral and Parietal 

ir .? “1!, nnt to the. «pont<- l)> niesothcllnl ti«uo The sponge la In the center with 
l <‘> * x^nl* l lun^ abu\t. in 1 th ch *t w ill txlow 

u n mt settion m vrtolarbkc tissue was nottd between the sponge and 

surrounding liost tissues This apptarcel ltss marked on the lung side, 

" t 1 1 uniuial re letion w is ohserscd about the Msu.nl pleura ThEs paucity 

, r ' t!, ou pernuUeel a r ipiel development ot lehnige pi me ami the \lseeral 

1 ri ■' Ls stripped re ulilv irom the sponge without injure to the pulmonarv 

bi the eruss seetion (I lg d) it e m be seen that the India rubber eon 

f x w title to m ingrowth ot comieetive tissue extending into the spaces 

1 ''Police mr v irwng distances up to 1 ein This in\ isioii ot the sponge by 

( "-die tissui g i\e tile eii ir letenstic appe ir mee oi i ct iitnl spongy Intr 

a denser peripheril one MlirnscOple, sections (L lg 3t shuweel a ven 

'‘1 "f no re ulinu m either eu the pit ur ie or tin lung How tier \ es 

‘ 1 1 ' d Ulrmis tissue etmld In st t n idling tin jn npher il sp n i s oi the sponge 

" m ' gtinril results were obtuinti when i spoug. w is nnplintul 

1 ( ir d!\ ImortunvuU tbuUtdu w is on evunti rnl in tlevt loping largi 

1 ” >1 sp n ( ■, in tlo„s I!et uist tii tins it w as in 11 \s irv to eompri v, tin 

111 ' "'!■ - t.i him rt it into t rt I line 1\ sin ill In el v *»xtt t u v t eks latt r 
» * 

' ’t ltl -‘ w's rvnut\etl it tppe trtel ilitttinel nnl seiimwliat tltiist but 
I m hull i ridiln r t olislstt lut ii u 1 . 
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Oil cut section blood was readily expiessed fiom the tiny capillaries when 
the sponge was gently squeezed between the fingers The areolar tissue be 
tween the sponge and surrounding tissue was so pliable that the intercostal 
neive adjacent to the sponge moved freely when traction was applied Peeling 
the sponge from the adheient structures was relatively simple (Fig 5) 

These obsei rations would indicate that the Iialon sponge pioduced little 
01 no leaetion in the host tissues and that its density was modified by the de 


Fig 2 



Fig 3 


1 lg _—Sponge intrapleumll>—cut section—sixteen weeks postopenitLcly The 
is in the center with lung: abo\c and cheat wall below 2sote central spongy la> 5Uu No 
outer la><_r in the sponge. D» nser area is produced b> an Ingrowth of fibrous 
flbrotic reaction of tissues is present about the sponge. Lung 

Fig J—Intrapleural sponge—microscopic section sixteen weeks postoperatne > 
shows no evidence of inflammation or fibrosis 
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t—•'pintc octrapleuriiH—sixteen weeks postoperrti\el> No adhesions to 1 
ur i lu a become vascularized IrregulT.rU> in illustration demonstrates pi 
» J co-furmlng to the spacer of sponge surface. 


Pig 5 


1 
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gree of fibious tissue giowth into the sponge, the extent the sponge was com 
pressed by its bed, and compression of the sponge while hot m the process ot 
sterilization Perhaps the descubed stonelike character oi the sponge oc- 
cuziing in Charbon and Adams’ expeinnents could be explained by one of 
these factois 

Interference noth heait action with this piosthesis would be quite un 
likely since the fibrous reaction is almost completely limited to the sponge, 
no lntiapeneardial adhesions aie foimed, and the aiea of peneaidium involved 
in the tissue leaetion is consideiably less than one half of its entire surface 


Fig 



7—Diagram shotting tthere implanted materials were inserted into anterior abdominal 
i wail ot a dog 


The compaiatn e stud} of Ivalon sponge was made with plain and chromic 
catgut, polyeth} lene, cotton, and silicone These substances, cut m snta 
sheets 2 by 2 cm , wei e inserted through individual incisions m six different 
areas of both rectus sheaths of dogs (Fig 7) The dogs uere sacrificed at 
different times Both lecti and their sheaths were excised m their entiretj, 
and blocks made fiom tissue contiguous to the implanted experimental ma 
tenals 

As anticipated, the plain and chionnc catgut produced a uolent mflaninia 
toiy leaetion both giossly and microscopically in the first and second wce 
(Fig S) Bv the fourth week the mflammatoiy exudate was replaced > 
fibroblasts which were beginning to lay down collagen B} the tenth v et 
theie was definite seal tissue The sheets of gut could be seen in all the sec 
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iiij, but b\ the tenth week there was definite fragmentation At loity-six 
recks tten diul one-hill months) only scar tissue was lound, and all catgut 
-'1 been absorbed 

button, when employed in sheets, had a tendency to migrate iioui its bed 
other subcutaneously or to the peritoneum "When subcutaneous ungiation 
oi umd, additional mflammatoi\ leaction was noted In general thcie was 
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much less inflammatory reaction than with the catgut, and fibi oblasts uere 
observed about the cotton fibeis at the end of one week (Pig 9) At six and 
ten weeks (Figs 12 and 13) the piesence of monocytes, fibi oblasts, collagen, 
and capillanes about the cotton fibeis suggested a modeiate to heavy foreign 
body reaction 

Polyethylene manifested minimal inflammatory reaction, although in the 
acute phase consideiable edema was seen This edema disappeaied, and from 



c d 

FIff 9—Cotton mj]\eth\lcne I\alon and silicone implanted in the rectus^ shcath^^^ 
w eek postoperativ ely 
developing around cotton fibers. 

tissue at the upper end of the _ 

amount of fibroblastic activity Inflammatory reaction vva a minimal u, flhroblasts 

flammatory cells present about the muscle fibers Note growth of capillaries an and 

Into pockets of the spongo D Silicone—There Is a thJn lajer of inflammatoO rea 
fibroblasts where silicone had been in contact with muscle at the upper end 


Cotton poljeth>lcne Ivalon and silicone Implanted In the rectus sh f ?hroblStJ 
atlvely A Cotton—A moderate amount of inflammation wlL " ntjlc t with 
a, B Polyethylene—The polyeth>lene was in ^"moderate 
Illustration but fell out at time of section Notemou Jn _ 
Inflammatory reaction was minimal o» flhroblasts 
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t_e second to the tenth -week (Figs 10, 11, 12, and 13) a xairly thin laver of 
-bmblxvts matured into a thm layer of dense fibrous tissue containing eon- 
ih.-able collagen 

halon in its first week exhibited only mflammatorv cells between the 
»u.le and the sponge, while fibroblasts and capillanes were growing into the 
I cActs oi the sponge Bv the second w eek thei e w as no ev idence of lnflimma- 
t’rt) and the vascularized fibroblastic aetivitv proceeded into the meshes of 
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the sponge This ingiowth of fibi oblasts continued dui mg the ensuing ueeks 
At six weeks aieolai tissue containing blood vessels was noted at the junction 
of the Ivalon sponge and the host tissues, and by the tenth week this was more 
pronounced 

The least leaction was visualized with silicone Piaetically no mflamma 
toiy lesponse was obseived A very nanow 11 m of fibious tissue later de 
i eloped about the silicone 

At foity-six weeks the gioss appeal ance of polyethylene, cotton, Iialon, 
and sihcoue-implanted aieas showed no leaction All implanted substances 
weie sui 1 ounded by loose aieolai tissue 

A B 



c D four 

tit 11 —Cotton pol}<-th>lene Union und silicone implanted seen* at~ tw0 

wuka porftojH r itl\el> 1 Cotton—Reaction Is similar to the on , e »,, 0 weeks, 

necks. B PoKethjknc—Presents slff,htl> more fibroblastic activity than n. 5 mm* 

C Ivaloo—No lnllammatory reaction \ascularized fibrous tissue p*/ 001 } 3 
into the sponge. B Silicone—Rim of fibrous tissue seen extending Into the musciv 
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The polyvinyl sponge, if pure, is white m color, odorless and tasteless, 
and the cut surface piesents the appearance of a piece of white bread It is 
quite tough, and when dry becomes hard When moistened it becomes very 
soft, flexible, and elastic It is very easy to cut with scrssois v hen soft It 
is light in weight when dry, with a density of 0 05 The sponge absoibs water 
freely, inci eases in size when satuiated, and on diying theie is slight shrinkage 
Gundlay and Waugh found that tempeiatuies of 120° C had no effect 
on the sponge, but after being exposed to 160° C foi an houi it began to turn 
brown Slight shnnkage occuued aftei boiling foi tbe fiist time, but re 


A 


B 
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[.rated boilings (lid not affect its size Thet also found that if the sponge t\as 
(.ompusaed or shaped Y\hen subjected to a tempeiatuie o\er 95° C, the shape 
•.ruulil be maintained \\ hen cooled 

The sponges are a\ailable in two sizes 17 5 bj 9 5 be C 5 cm and 33 bj 
19 b\ 14 tin (Fig 15) We piefer hating both sizes a\adable for use Each 
'P<inge tomes irom the manufacture! packed m an untight plastic hag which 
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keeps it moist and soft Upon remoial fiom the bag the sponge should be 
thoroughly washed to lemove the hygroscopic substance added bj the manu 
faeturer This is easily done by squeezing the sponge seieial times under 
running water Stenbzation is simple The sponge is placed in a clean vessel 
with a snug-fitting lid It should have ample space to fit mto the pan without 
defoimmg It is boiled for thirty minutes It may be cooled slovly, or 
quickly by adding cold saline solution 



if 

Fig 15—Photograph showing the-'two sponge sizes small—17 5 b> 9 5 b> 5 5 cm- ami 

large—33 by 19 by 11 cm. 

At the time of suigeiy it has been oui practice to lemoi e the sponge from 
the stenlizing vessel, wring it out thoioughly aftei soaking in noinial saline 
solution, and then to cut it to the shape desned using heavy sutuie scissors 
Recently the manufaetuieis have molded the sponges into the shapes of a 
right and a left lung and sepaiate lobes (Fig 16) These aie more aitistn- 
and need less sculptui mg befoie placing-into the intia- or e\tiapleural space 
There is also less waste of time and material involved The expense is the onl\ 
detenent to their use Time will tell vhethei the added expense mil be voitli 
while 

Since Apul, 1951, we have utilized the Ivalon sponge as a piosthesis fol 
lowmg lobectomy, pneumonectomy, and segmental lesection in lift) cases 
(Table I) It was used at the time of opeiation in thirty-thiee instances, an 
following operation seienteen times Tv eh e sponges vere placed intra 


TlBLE I 
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j’lUnllv and tlnrtN-eiyht extrapleui allv (Figs 17, IS, and 19) lYe have not 
Mt it net.ea.sjn to use the sponge iollovnng lobectomy where the involved 
Me is small, crenated, and atelectatic, and when the contiguous lobes have 
-heath overexpanded to occupy S) to 90 pei cent of the pleural space 

A. b 
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In most instances the filling has been extrapleural when done at the time 
of the leseetion We have felt rather timid about placing a foreign body m 
the pleural space where we knew tuberculous lesions had been molested In 



♦ t ^ PreoperatKe film on patient with bilateral apical tuberculosis- B Film 

Y 1 :^^L-fS u r. ^ a £. 3 right upper lobectomy The apparent large size of the sponge is 

t 9 Film taken two months later Fluid has absorbed and lower lung Held lias 
cleared D b ilm taken four months after loboctom> The size of the sponge about the same 
normal po iUo” 1 * 1 * Dia P hra gni high phrenic not disturbed Diaphragm usually returns to 
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tht-e cases, lollowmg the remo\ al of an upper lobe the parietal pleura is dxs- 
.cctcd iree irom the chest all and mediastinum down to the remaining lobe 
It an extrapleural dissection ot the cupula was necessary to mobilize the re¬ 
acted lobe, the delect can be repaired easih after dissection and mobilization 
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If the sponge was not mseited at the time of resection, it is a rather 
simple mattei at a second opeiation to peel the panetal pleuia away fiom the 
chest wall and place the pack extiapleuially This was done in eleien cases 
The sponge has been placed mtiapleurally at the time of operation m 
only six cases This has been done without mishap, but oui experience is not 


FIs 13 — 1 Patient ten da> a follow Ins right upper lobectomj B ° Same P» * 1 *-T,, 1 ,^”v 11 
four hours after Insertion of sponge at right apex* C \ppearance six n Dr c\Ioiu film 

reaction lias subsided* D Vppearanco one >ear later 2so change noted since v 








GYI.E ET YL PLASTIC SPONGE IROSTHESIS YFTEIt KESECTION' 


60") 


.rcat uiough to recommend it One might postulate that following pneumo- 
tUoin\ particularh it might mciease the hazard of bionchial fistula which 
iur 3 too otten in tuberculous cases In pneumonectomy, wheie the phienic 
rent is cut at the time ol operation, one cannot be suie how high the hemi- 
i uphragm \ ill use and Yvhat size the sponge should be It it were too laige, 
fissure, iriction, and compbeations might ensue 

In patients in poor condition, or u an exteiisne extrapleural dissection 
Ld Leui ueccssary for lung mobilization, and tollowuig pneumonectomy, we 
1'Xtcr to insert the sponge intiapleurally alter waiting se\en to ten days A 
[urtion ot the YYound is reopened, and the pleuial space is entered either 
through the periosteal bed of the resected 11b 01 b\ resecting a poition ot the 


i'Urth nb Ihc dead space is nrigated thoroughly with saline to remoce the 
‘'d dots, and the size of the cantv is determined A 1 irge opening in the 
dtat wall is not required since the compressible sponge tan be lorced through 
3 -nail opening without difficulty 

wc ha\e gained e\])enence it appears that it makes little difference 
Aithcr the sponge is placed in eithei the mtia- oi the extrapleural space at 
'A tunc oi the second operation We now ml that the mtiapleunl technique 
'mid ippmr prctcrable since the time consumed is much less the piocedure 
<n slIll l > h, and the results excellent 

When the sponge is mscited at the tunc oi nsection, whcthei mtri- or 
'Mrapleuralh, there is alwacs some fluid aceumulation This is ippircntly 
1 t due to the loreign body reaction but appens to be in diicct propoition to 
'" r txtu it ot dissection required by the resection T he s ingunicuus cxiul ite 
•> rank completely ccacuated following lobcctomY cYtn with continuous 
tIun I his h is been found true m e\eiy mstiiicc wlieic the phitia w is 
i'-md scur.il dies tollowuig a lesectum It the thud accuinuhtion becomes 
‘ tollowuig the insertion of the sponge, a thoricciitosis can he elone 

1 I’‘bents were aspirated, but in onh two ot them yy is it ripe ited I uh 
1 ‘ necessitated three ispir it ions In the remaining three c iscs which 


< r 

d 


'I'Titcd once, the procedure pro\ed unneccssir%, lor in later c ims the 
v ls bniml to lhsorh gradu illy is it does loiloYYing Lucite or pinlhn 


i iiiij, 


* * ls bn n interesting to w itch the rociitgciiogr mis oi these ]) itunts dur 
s 1 • iLsuma months Tin sponges eiil irg» it first but is the exud itc md 
^ ‘ a subside, the\ ippi ir to shrink to i si/< cycii sin filer th m it tin tunc 
f ““fit (Iig 17 ) r l his e hinge does not sum to be _re it eiinii_h to de 
\ J l , f''c | 1 tbh irom the efficient \ ot the plomln^e It urtnnh Ls more 
j 4 ' 11 a tfi'l h ss deiornung tli m i ihorie opl ist\ 

, Si rits Ol fut\ e ises there Were HO e olll pile it lolls til lortY sl\ 

( V 1 ul1 -' ' hi,, ltten ill Jilin lor oln Yeir tWelllY Six lor six tn t teht 
'“1 t a 1 1\, for b ss thin si\ month' It w is m t e" ir\ to n mo e tl . 


' ' 1 t . 1 ills! me I' Oil, p ill, lit idlibtln hid i ri-ht Up] I - lol Cl till IV 
1 1 '' r ipb ur il filling it tin turn ot tin rtMttnoi Jit < > t v , ’ 4 , ** < 1 ; 
,<t, ‘ n dm to tin he nohtn M mbs Im i tin tini m t cl-mli u-d 

t I Y * 

1 ' s polU,e K Is removed t.ei.e t* 1Y I ite ** t'nin.e I '• vlUed 
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and latei a tlioiacoplasty' perfoimed to obliterate the dead space The second 
patient had an unexplained fever following a resection and simultaneous 
sponge placement Three aspirations revealed sterile fluid The fever sub 
sided and the patient leturned to the sanatonum with oiders to continue his 
streptomycin and PAS therapy This was not done, and four weeks later pus 
began draining from the wound. A mixed infection empyema was drained, 
antibiotics a dm i nis tered, and later the space was obliterated by a thoraco¬ 
plasty These two patients must be consideied as failures The infection in 
the diabetic patient was the chief oftendei In the second instance, probablv 
infection, but certainly the enor in not continuing the antibiotic therapy mav 
have contributed to the complication 

Theie were two postoperative deaths One patient died eighteen hours 
aftei a segmental resection of the light upper lobe His condition was e\ 
eellent until 3 am when his loommate reported his lespirations weie noisv and 
labored He died lather promptly At postmortem examination a tension 
pneumothoiax was iound on the opposite side The second patient died six 
days aftei a lobectomy fiom a tiansfusion reaction Neithei of these deaths 
can be attnbnted to the sponge fill 


SUMMARY 

Fifty cases of lobectomy, pneumonectomy, and segmental 1 esection hav e 
been reported in which the polyvinyl sponge has been used ns an mtia and 
extiapleuial plombage 

By utilizing this type of prosthesis, the dead space cieated folloiung re 
section is filled and accompanied by a mmimal amount of leaction This pre 
rents the oveiexpansion of the remaining lobe 01 lobes on the opei.ited side 
Thoracoplasty, heietofore necessary to accomplish this, is eliminated, and the 
contour and functional integrity of the thoracic cage aie pieserved 

It is possible to complete the proceduie at one sittmg It this is not ad 
visable and a second operation is necessary to nisei t the sponge, it is simpler 
and less shocking than a tlioiacoplasty We feel that m those cases where 
further 1 esection is necessary on the opposite side, the patient mil be a better 
operative risk with an intact thorax and without ovei distention 

We are fully aware that as more is learned about the new drugs and their 
therapeutic use m tubeiculosis, the amount of lung tissue which has to be 
sacrificed at operation will be greatly decreased During the past year we 
have performed two hundied lesections foi tubeiculosis, and 4S per cent ha\e 
been of the segmental type Many of these have consisted of the remoial o 
such small segments that any type of fill is unnecessary If it had not been 
tor these changing tiends our senes would have been larger Until oneear 
ago we have found that m over four hundied resections approximately 9o P er 
cent were lobectomy or pneumonectomy 

An y foreign material placed in the body is not ideal and will always ave 
disadvantages If these are minimal when compared to the beneficial effect 5 ’ 
as demonstrated in this small group of cases, it would appear that we ire 
justified in recommending the procedure 
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DISCLSilON 

I)Ii OTTO C BR WTIG VX, Baltimore McL—I would like to congratulate Dr Gale 

- his leraatitulli prc-cntcd work and to add im brut experience with pulmonan proa 

- * 1 jUjuiii„ the report be Tulian Tolin-on on proathc'is with Lucite sphere*, we 

L r “ f t one in 1947 and hate used the method on 33 patient- The method ha* been 
i *b n the patient wlo had pncuinoneetoini tor tubereulo*i* The patient is allowed 

' ' 1 tr Dun the pneuraoncctomi and at a later date the I ueite -pilere pru-theai* is 
>i lato the intrapleural apace The proathe-i* i* applied under local anc=thc*ia when 
1 1 a tmum ha- reached the de-ircd pontion l ntortunateh three patients of the 

' 1 1* elijetl lntection in the pleural apae c about the -phe re one pure tuberculous 
1 •* 0 !' r two pio„cnic lntcetioii' In -cebm., a cau c tor the lntection it wa* tound 

1 u -jih in tance there ha 1 been _ro~* contamination or the pleural eatitt at the 
t 1 e ] iieumoneetomv, and the e outaminate el pie ural pace hail 1 ecu treated bt 
- --a[eatie teea-urea -ut’cieiitU to atonl an initial eiipseuia There Were other 
i‘ * ’ ' 1 a had „ro s contamination at the time ot ]iuumoneeto i\ who hate had *ue 

1 I to t! e ij without infection The patient who hoel the pure lube re ulous lntection 

!-c I to the i> aetu ill\ had a [Ieurcctomi and J ne Ltnone e total tor tuberculous em 
• - 1 - I to tin i 3 -houlel not be u-eil in the pleural piee when e,ro-s e out imination ha* 

,fl ^ a the time ot the pueumouectom' The proeeelire has no be t a a eel tor tie 

' “ j has ha 1 lobectomi There hale be eu net otln r e» nplieati in* The nr t patie lit 

' E [to th 3 aliuo t 111 e lear* and he 1 * (Ulte ' ell II el tree >f triable Tlcre 

t j efl i i h i l I e 11 ill be at the el tl ot twe nt l or II ore lear 

9 mel that there is a tem’eUei for Ill ite '[here* ta lea' through there 

m r J eta t With eaell other W ll*on h l‘l the fore 1-,1 t te 111 l*t on haiii„ the 

td on t! e nislele 
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Inasmuch as I had not contemplated discussing this paper, I do not have at hand 
mj exact statistics However, we have used sponges in about 25 patients and it is our 
experience in these cases that I wish to give > ou In one patient who had a nght lower 
lobectomj, the drainage tube did not function properl}, and a few da} 3 later the tube 
was removed and decortication performed The sponge was restenhzed and replaced. 
Subsequently the patient developed an empyema and later died of progression of the 
tuberculosis In two other patients, one of whom had had an intrapleural and the other 
an extrapleural pneumonectomy, it was necessary to remove the sponges One of these 
patients ran an elevated temperature for from sis to eight weeks, presumably from an 
empyema The sponge was removed and the pleural cavity drained Through the drainage 
tube and the use of antibiotics, streptokinase and streptodornase, the empyema cavitv 
was sterilized and the tube was removed At a later date, Lucite balls were placed in 
pleural cavity with a very satisfactory result The other patient developed a discharging 
sinus and we waited about six weeks, hoping the sinus would close M hen the sinus faihd 
to close, the sponge was removed and the empyema cavity was drained and sterilized, 
much as in the case of the other patient who had had a pneumonectomj Subsequent!}, 
Lucite balls were used with a satisfactor} result One other patient, who had a sponge 
prosthesis following a right lower lobectomy for suppurative bronchiectnsis and multiple 
small lung abscesses, developed an empjema and now, six weeks later, still has the drain 
age tube Possiblj the sponge should not have been used in this patient, but she was a 
very pretty girl and anxious not to have any structural deformitv Possibl} sterilization 
of the sponge was not as effective as it should have been 

It is readil} apparent that, based upon my personal experience with the sponge, with 
four complications out of 25 cases, I am somewhat cautious about its use When the 
sponge is satisfactorv, the results are beautiful However, an infection with a sponge is 
of a more serious nature than an infection without the sponge In my considered opinion, 
this particular sponge may not be the ideal prosthesis for this reason. I hope, however, 
that this report of Dr Gale and Dr Curren will stimulate the interest of other men and 
that the sponge or other prosthetic matenal will be given a further trial 

DR ROBERT T FOX, Chicago, Ill —I enjoyed very much this paper by Dr Gale 
and Dr Curren In Chicago, we too are afraid of overexpansion of the remaining pul 
monary tissue especially, as Dr Gale has emphasized, when the resected lobe or segments 
are fairly large The problems of tailoring thoracoplasty have of course been discussed 
before We have been reluctant to do it at the time of resection, but consistent with our 
technique as described by Dr Adams last year, we have turned again to the paraffin pack 
m the subscapular space, doing a limited thoracoplasty at the time of pulmonary resection 
in cases where we feel we want such a collapse TJnfortunatelv, many of these resections 
require major extrapleural dissection, and vve have been reluctant to use prostheses here, 
even in the subscapular space, because of the very thin layer separating the pleural an 
subscapular space in such cases But where we have a good parietal pleura we have been 
using such a pack, and I should like to show one case to illustrate this procedure 

(Slide ) This is a patient about 50 years of age You see the cavity high on the 
left side He was in the sanitarium just a short time and was dissatisfied with his trea 
ment for some reason or other and left, and a pneumothorax was started on the outM L 
(Slide ) Again he failed to convert to negative and continued to have cough ao 
expectoration, and was readmitted You see the pneumothorax here and the cavity sti 
open, practically two centimeters in diameter in the partly collapsed upper lobe ^ 
pneumothorax was abandoned but tlie lung failed to expand completclv, and resection 
decided upon e did a thoracotomy and found that there was considerably more no u a 
disease throughout the upper lobe than would meet the eve on various roentgenogf 1111 ^ 
After resecting the upper lobe and decorticating the lower lobe, there was still cvi tnc 
that the lower lobe would not fill the space satisfactorily , 

(Slide ) After closing the rib cage, the second , third, and fourth ribs were rtsec e , 
and a small paraffin pack of about 250 Gm. was inserted This patient had a verv ei 
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cJ at postoperative course There was no paradoxical motion of the cheat wall as there 
s 11 he \ ithout such a prosthesis, and we feel that this is an excellent procedure in 
h ca es Where extrapleural dissection is necessarv, we are looking rorward to trving 
th' Ivaloa prOatliLais, and hope that our results will be as satistactorv as Dr Gale’a 


I>K 0 TllLRON CLkfVLTT, Rochester, Minn—That surgeons aTe not entirelv satis 
.. i rith thoracoplastv as a surgical procedure is evidenced bv the variety of techniques 
lit fca-e been del laed to accomplish the purposes of thoraeoplasti without the deformiti 
-i re ill a from it I believe that Dr Grindlai at the Maio Clime was the lirat to me the 
t a-tic ponge that Dr Gale has described About four \ears have elapsed sinee the-e 
, j-„cj were hr t used in the pleural spaee following pneuuioneetomv performed in dogs 
'< bile observed no untoward effect from the Use of this sponge in the pleural space or 
'i,' l ri.mntal animals The sponge prevents mediastinal shift, it ciu-es no tissue renetion 
' cos t pie nee \s Dr Ciale lias described, lihroblnsts grow out into the meshes ot the 
, but it has been possible to remove the sponges without duhcultv Our clinical 
q-rnnee is much le-s extensive than Dr Gale’s However, we do have one patient ill 
i 1 -ch the pi i-tic sponge has been in the pleural spaee tor about three venrs and several 
'" r rxis in which the sponge has been in place for shorter periods We have hud no 
'■■lltics that could be blamed on the sponge itself We have placed the sponge both 
i- m and ixtraplcurallv It is too carlv tor net urate evaluation of the usetulness of this 
- terial We hive had disappointments with other foreign bodies that have been u'td 
‘duau tt lies in the past We mav be disappointed with this material in the future 
h •"■leer our experience to date is most encouraging Wo believe with Dr G lie that the 
I 1 -re In has dtscribed is worthv ot further tri tl 


bit p \ [j Minute,, Cioteburg, Sweden—I wish to thank vou for the privilege 
he in., vour \s ociution Dr Gale’s lecture has been virv interesting and I hive 
1 ’ * w "<lt with the same problems In the <ur„i rv of pulmonnrv tuberculosis tin 
r ' a Kfore and after operation is more and more rc'pctUd In e irlier times Inn, 
’ ,J i "ere done, not ulwavs accompanied bv plastic operations In nianv ot the e 
ran ,ln d a distention of the remaining lung tissue with i inpliv-e lua that can n 
f filiation cen'ideraldv greater than the diminution ot tuuction ovvin„ to the r> 
n 11 order to maintain the best tunetion of the remaining lun„ ti s U e, I think it 


vrv to reduce the si/e of the thoracic eavitv bv thorncopl I'tv before at the same 
ir ‘Her re ectlon Thoraeopla'tv before re eetion ealies teehni.al eluhcllltlc s lor 
" "Is ration, the smiult me ous o e ration mere eses the ri'k a pi i tie ope r ition 
' ton H to lie preferred, lent it is ueit „oeiel lor the put■< lit to wait for a «uh e 
i dim 
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and in the lower part the prosthesis with some exudate and displacement of the heart to 
the left. (Slide ) Two months after resection the heart is in normal position and (Slide) 
three months after resection the heart is still m normal position 

(Slide ) This is a case of pneumothorax with the remaining canty The picture 
was taken some days after resection and again you see displacement of the heart to the 
right (Slide ) One month later there is exudate and we can see the sponge in the upper 
part The heart is in normal position and (Slide) this was taken two months after rejection 
(Slide ) You see in this case a great cavity m the right upper lobe I did a six nh 
plastic, but there was a remaining cavity at the apex (Slide ) Then I performed a re¬ 
section of the right upper lobe and put in a prosthesis and, as you see, below that there 
is exudate, but I hope that after some months the exudate will be resorbed and that wo 
will have normal function of the lower part of the lung 

DB GALE (Closing) —I -wish to thank those who were kind enough to discuss this 
paper I do not want to leave the wrong impression. Certainly one would be rather 
foolish to claim too much for a sponge such as this after using it in only 50 cases It is 
a foreign body 2Jan\ of \ou who started using paraffin lenrs ago know how tricky it 
was, as well as any prosthetic appliance of anv kind 

I think we must continue to feel our way, and if there is any doubt as to the pres 
ence of contamination of the intra or extrapleural space at the time of operation, pleaso 
do not insert the sponge I also feel that as time goes on and moro experience is gained, 
we will know yust how safe it is It is not the ti pe of procedure that can be carried out 
by eiervone or on e\er\ case Each patient will have to be einluated separateh 



CIRCULATORY ARREST 

Viking Olo\ Bjork, II D 
Stockholm, Sweden 

C IRLL LATORY arrest after local anesthesia 01 duiing operation has such 
a high moitahty that the generally accepted puneiples ot treatment must 
•e rc.bwl 

ETIOLOGT 

TIte cause of circuhtoiy auest is m most cases an anoxia and the best 
i oiiiicnt is privention In cases with local anesthesia ldiosynerasy to the drug 
0 injection in a \essel ma\ he the cause 

PVUIOPHWOI 0L\ 

lhiring uptiations with the chest open the development ol a circulatory 
un-st has been ohseiveil seveial times In most t isi_s the heait rate is rapidly 
' u '*i , i- 'low 11 to 10 to 20 heats pei minute A st uulstill ot the heart then 
1 llk '> 111 i vu\ shoit tune In \ci\ tew e.ists the euculatoiv airest is pre- 
" I"* I |V i giudunl mcicasc in the heait late an liuie ising number ot c\tra- 
'tohs ami tm OR Mtitrieulai hlnillation The heait may also come into a 
*ninenl.ir liln illation second uy to i st uulstill cspeeialh during a delay cel 
'i citation 

IhlTermtial dngnosis between <i heait st indsttll md iventriculit librilla 
1 11 <aii m i shoit time, he mule onl\ In duett inspection ot the he irt m 
1,1 >- e it istrophic e lses It 1 elnect wilting eleetioi ardiogi iph is eonneeted, 

‘ 1 ' * Ml ru ul tr lihrill ition is dunonstiated lmt in standstill it \ pie il md mis 
'btutruinas an lie piodueed 


TItKATMl \T 

h , »r>tnil Cun nitration s —1 lie trcitmeiit is eiiimh iliflerent in the two 
'I' b'jution ol \dunilin is indn ittd in <a is ot In. i i t si uulstill but 
,!l '"l 1 Kid m uiitiiiultr tiliull ition wluu tin oiih ilicitni triatniLin 

“ l,u "'l oik Tlieuion tli logic d tn tiiui tit whuh is now guniillv 

1 ' ' Hi opening ot tlu ilnst uni tin pi.u irdium lor di lgnosis and 

lf t a i gi (j) ntilieiil positive prisMiu until ition thiougii in iiido 
* uijutnm oi \diiiiilin into tin hi ut in tin i l-m. ot t In ut 

*11 n In irt 11 iv i.i done dins not pio\i si Hi nut f >' tliitrn -hoik 
1 1 tl i In m in , ,,i \i nt i n ill u lihrill it on md 11> i i oiitinn itiuti nt 

t j 1 1 md it inussirv iipititiou ut tin mi.-uus lmutiumd tiudt r 

lttvi rn \t i iiN-tm uuioxs 

' - ■' , 'i u t ui i \ In \ a hunt iiMunuiil lduud lur »» miiiuii s ml tin n 

1 s'd ir rlnilim w uh i uiaph u sm \ n d prov id> d hr uu p> rn si.*n ul* 

1 Id" <1 is pirtnrnud It tin hum i i iirnn lumiir n ithuut 

f t <- 

t ^ U M t t! ''I i,! J Jf». ft ft 1 *■ » * f 

1 . s ,* 1 
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oxygenated blood for more than 3 to 4 minutes, irreparable changes mil occur 
Therefoie two requirements have to be fulfilled to peimit the above men 
tioned scheme (1) the chest must be opened and the heait massage msti 
tuted within 3 minutes from the time the diagnosis is made, allowing a maxi 
mum of one minute to establish the diagnosis, and (2) a defibiillator must 
be at hand foi the electric shock If these two requnements are not fulfilled 
the result will only be a tempoiary restitution of noimal caidiac action in a 
decerebrated patient 

The above mentioned scheme should then be followed routmely in all 
eases with an open chest during opeiation and m most cases during an inter 
vention m the upper abdomen In all other cases of circulatory aircst the 
author follows a more conservative plan 

1 Adienahn, 1 1000, and a synnge with a long, wideboie needle is al 
ways at hand As soon as the diagnosis is estabbshed the needle is nisei ted 
into the heait 2 fingeis breadth lateial to the sternum between the fourth and 
fifth nbs on the left side A widebore needle enables the surgeon to quickly 
aspiiate blood and thereby make sure the needle is accurately placed m one of 
the chambeis of the heait 


2 One nullditei of Adrenakn, 1 1000, is injected If this is done quickly 
enough and the heart is still beating slowly, an immediate lesponse is noted, 
the pulse letunis and the needle, which moves with the heart beat, can then 
be removed 


3 If, a few seconds after the fust injection, no response is noted 5 ml 
Adrenalin, 1 1000, is injected An immediate response may be noted in most 
instances If not, 10 ml Adrenalin 1 1000 is given 0 

During these injections only one minute is lost In the meantime arti 
ficial positive pressure ventilation is instituted thiough an intratracheal tube 
Following this scheme it has been possible to ie establish a regular cardiac 
beat in 4 successive cases In two cases the lecoveiy was complete, in the 
other two an immediate lesponse to 5 ml Adienahn, 1 1000, was achieved, but 
the injections were made too late and ceiebial damage had already occurred 
The value of intracaidiac Adrenakn injections in caidiac resuscitation 
has been undei estimated Physiologists have warned us and descubed the 
bad reaction to Adienahn of the beating heait m experimental animals 
intravenous injection of 0 5 ml of Adrenakn 1 1000, made by mistake on a 
health} 20-veai-old gill was lethal f Most surgeons use only 1 nil ot 
Adrenalin, 1 1000, which is too kttle and is often without eftect 

Two such cases with circulatory arrest after local anesthesia for thoraco 
plastj were experienced in 1949 


•V combination of Adrenalin and 5 ml 1 per cent procaine may be laluablc. AJ. 0'^ 
c\er speed la the o\er all important thing - the Adrenalin alone Is preferred If some 
are gained b> omitting the procaine. 

tOn the other hand Crafoord during an intrathoraclc operation by mistake inJ 
10 ml \drenalin 1 1000 in the heart at standstill There was an immediate response 
complete reco\ery and no untoward effects. .. nr^dcA 

The heart in standstill is anoxic, the reaction delayed and a big Initial dose li 

No untoward effect Is noted once the heart Is beating again as the action of Adrezuu 
too short. 
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CYSE REPORTS 


(\'E 1—Julj 21, 1940, a 41jearold man had local anesthesia with paravertebral 
N», Lrachial plexus block, and infiltration in the line ol incision oi the subcutaneous 

— 1 re-cle planes (0 5 per cent procaine with tetracaine 0 5 1000) About 3 to 4 minutes 
if t the completion of the anesthesia, the patient's pulse suddenl) stopped Artificial 

-’datum through an intratracheal tube and 1 ml Adrenalin, 1 1000, in the heart had 
-3 eJeO. The patient died Post mortem examination showed right sided pulmonary 
! r cu'o 1“ 

Ctsc 2—November S, 1949, a 27Year old woman received 230 ml of 0 3 per cent 
i —•> with tetracaine 0 3 1000 in local anesthesia with paravertebral block, brachial 
i rui Mock, and local infiltrations in the subcutaneous and muscular planes Fifteen 

- --tel alter completion of the local anesthesia and during performance or the incision, 
>■ IJ 1 e rate suddenlv increased but after a short interval the pul-e could no longer be 

i E-ted Iatnenrdiac injection ot 1 ml of Adrenalin 1 1000, and artificial ventilation 
tht -gh an intratracheal tube was without effect Postmortem examination revealed 
hi-, other than bilateral pulmonar) tuberculosis with a big cavitv in the right upper 


With tins experience ot two deaths tollovuntr iiuulatoiv arrest aitci local 
5 ■■'tins a treated bv mtiacardiae injection ot 1 nil Adrenalin, 1 1000 and 
■niiinial ventilation, I decided, m a similat situation, to tollovs the advice to 
i nonn ,m immediate thoiacotomj with lieait massage It is, however, easier 
''"'lake the decision than to cam out the tieitment it the surgeon is operating 
,f i a vaiiitorium which is equipped onh tor thoracoplasties made under local 
a cvtln-sia which are pertouned bj the suigcon lnmscli 


LUE 3—Two vears later this ca-c ot cireulatorv irrest occurred after epidural 
t-i«ia vith ij ml Avlocatn 1 per cent for a sciond atn,,c thor tcoplnstv The patient 
'"J 3 ’"'’Hr old nun with i n„ht sided tuberculous cmpvctna, who 25 divs earlier had 
- 'L'Si a fir-t -luge 5 rib thoricoidastv with aptcolv-t- It was ilcar that the gen 
- r ccpted tre ituielit with cardiac mas a„c "as imjmssiblc The ri n ht lung was too 
, ^ on atilistatn upper lobe and a big emp'erna to take over the ninclion alone 

s-d after i left sided tlioracotomv for cardiac massu n c A right sided thoractotuv 
t rfornicd in 3 minutes (see roentgenogram, big 1 ) it hid been ca-v for a 
i ■ Jr <-" ,u to oiien the left chest Thu outcome of sui h i treatment with cardi ic mas 
' r " u a haunt r, most probable be t Hal for that re i on the following treatment was 
'* 1 ' h) Imiuedi ite intracariliac injection of 2 ml Velrcnalin 1 KGu, without re 
i ' rhe >ur„con introduced an intratr icheal lube and „ivc artilicial ventilation 

11 ~t blown,, Ills own cvpiritiem mr into the tube duriu, the lull the nuesthe-ia 
i , ~ r ! mn le 1 (1) Vftcr 3 to 1 minutes of e lr liac irre S ml of Vdren din 

, * ' "IJ 1 'l< 1 Mitel the hi irt with imme<luti re lorn of tin pule' win h eoul 1 bo felt 

1 1,1 III Then another cardi ie arre t incurred Viler immediate intracardtac 
( 1 ^ I" n 1 of Vdren dm 1 lllUU n„ulir h irt 1 it re ipj-e ire 1 On b ilf 1 ur 

, * “ ,u ' breathing began and ifter 7 hour-* tho mtratra heal tubo ciuld bo re 

kflerj 1 ivi he had recovered coupletcK but hail mi i eanrv uf the 2da\« 

dll ml ,n \ilreuPu) i iiioo n is ,iveit mtru tnli ill v tv hull -sivul 
ia .10 s In, With this txpiiuiut 1 i iiuiot i_ru with 1 hnnhitt nul 

, ''''’l 1 will) nuke till l (HU lllslull til Cl ‘epinephrine must 111 Usui UK st 

f 1 not it ill 

1 r ‘ r 'h e mist i muih ln_„er ihisi ut \<lri n ihn in the he irt is i •,1 
‘ ' irt 1 1 jtiMg l l u lentimi ut ilu iiiuMi liiri tn Xilrmi'in i 

1 's 1 1 I- Hlltl |1 ell si Is III e ll» li fill le t li lit III \llrelllhl) ste-l 1 J- 


’min rilelRel nine the liar! Is be lllllg 


t, Ult 
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Fig 1— A, Case 3 a 57-year-old man Roentgenogram taken on July 13 1951 showed 
right sided thick-walled tuberculous empjema On July 21 1951 a 6 rib thoracoplasty with 

aplcoljsls was performed B Case 3 This was the roentgenographlc appearance when tho 
circulator! arrest occurred Twel\e dajs later still a small left sided pneumothorax remained 
after the three lntracardlac Injections 



He -A—Cose I a 51 year old woman. Roentgenogram taken on tug 17 1951 

ocUnsUe left sided tuberculosis fixation of the left diaphragm, and a thickened left pitut 


It - 4 1>4 
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1 rocntf tnngnim taken on Doc J9 lDol throt wttb afUr i first at »k»- 3 rib 
thorncopl ist> with iplcul\sH 
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If the heart, however, is beating slowly, no pulse being palpable, the smeller 
dose of 1 ml may be sufficient and should theiefore always be given as the first 
injection If no immediate lesponse to that dose is noted, 5 ml and, if necessan, 
10 ml Adienalin, 1 1000, should then be injected with the needle left in place 
in the heart to save time , 

This plan has then been followed in all eases except those in which, due to 
the natuie of the surgical proeeduie, the diiect caidiac massage is a quicker 
pioceduie 

Case 4 —A 51 year old woman with extensive left sided tuberculosis had a first 
stage thoracoplasty with removal of the upper 3 ribs and apicolysis done Dec 7, 1951 
Four weeks later a second stage with removal of posterior parts of ribs 4, 5, 0, 7, and 8 was 
completed (see roentgenogram, Fig 2) The second stage was done under epidural anes 
thesia with 50 ml 1 per cent Xylocuin Sixty minutes after completion of the anesthesia, 
when the operation was finished, there was a fall in blood pressure No blood was avail 
able for an immediate transfusion In spite of intravenous nor adrenalin the blood pres 
sure continued to fall rapidly until no pulso could be felt and the patient stopped breath 
mg (1) She was immediately turned on her back, (2) 6 ml. Adrenalin, 1 1000, was in 
jected intracardially through the left fourth intercostal space, (3) there was an immedi 
ate response with return of the heart action and a blood pressure of 160, (4) the pationt 
was still bluish and without spontaneous breathing so artificial ventilation was instituted 
through an intratracheal tube, (5) after about 1 hour spontaneous breathing returned, and 
(6) after 1% hours the patient had regained consciousness The aftercourso was un 
eventful 

This 51-yeax-old woman had extensive tuberculosis m liei left lung, dia 
pliiagm fixation, and thickened pleuia aftei a left pleimsy When the circula 
tory arrest occuned aftei the second stage thoracoplasty, the chest suigeon did 
not judge it to be possible foi him to open this left chest and perform cardiac 
massage within 3 minutes Experience fiom extiapleuial resections foi tubercu 
losis undei thoiacoplasties has shown these incisions to be moie time consuming 
A right-sided thoracotomy with cardiac massage would not have been tolerated 
fiom a functional pomt of view (see roentgenogiam, Fig 2C) 

In two moie cases the efficiency of a big dose of Adienalin intracardially 
to overcome circulatory arrest has been found 

Case 5—A 39jearold woman with a residual tuberculous cavity under a o rib 
thoracoplasty underwent a right upper lobectomy with resection of tho apical subsegment 
of lower lobe The endobronchial anesthesia technique had been used with nitrous oxi o, 
oxj gen, and curare At the end of the operation, when the skin was being sutured, 1-u 
mg Prostigmin and 0 5 mg atropine was given Two minutes later a copious amount o 
clear jellow fluid was pouring out from the lungs Tho paitont was turned over on cr 
back and aspiration was earned out through tho tube The surgeon lind not experience 
such an idiosvncrasy to Prostigmin before and instead of removing tho tube and sue mg 
out the bronchial tree through a bronchoscope he continued an ineffective suction throug 
a small plastic catheter 

Circulator} arrest duo to anoxia occurred There was, however, a dtlaj of moro 
3 minutes before 5 ml Adrenalin, 1 1000, was injected mtracardiall} with an imnic ^ 
return of heart action Three and one half hours later spontaneous breathing rctur 
Six hours after tho operation the patient died without having regained consuousne 
Post mortem examination showed pulmonar} edema but no hyportroph} of tho right ' cn 
tnelo Death was duo to the anoxic brain damage 
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Cx.E 0 — t Jj jiir ulil man had a 3 rib thc'raeoplaate pcrlorn-td on the right side A 
1 , he- atoms developed in the apmoUnis space compressing the right lung One dav 
A s-t'e oj>eration the wound was reopened and the hematoma evacuated in local an 
be si. Vt the end ot the procedure, circulatorc arrest occurred The ri B ht lung was 
a tatic Vdrcnalin and a suitable needle was not at hand until more than 4 minutes 

b.' t'a[ ed Five miUiliters Adrenalin, 1 1000, was & iven intracardialK with an immedi 
-e return of heart action. The patient died a hours later without hating regained eon 
-s-c To t mortem examination did not show the origin of the bleedm 0 


SUMMARY 


In cases oi eirculatorv arrest the geneialh accepted treatment with thora- 
otoinv and eardue massage cannot be adopted as the method ot choice m 
■'ll tepes ot cases 


1 1 lie best method is alw aj s pre\ c ntion w hen possible 

In manj bilateral tubeiculous e ises the pathologic eh mires ot lungs 
- r I pleura will make it impossible lor a ilust surgeon to open the thoiax and 
le'ionn cardiac massage within 3 minutes 

d hue to the diminished lespiratorv rescue main tuhereuloiis pitients 
r not tolente nil unexpected thoraeotonn 

d In two such eases the author ndministticd 1 irge doses of Adrenalin 
dr ea’-dialh with suivnal of the patients None li id lasting neurologic 

''i iptunis 


i Ill i ireul itorv arrest the lutlioi now immedi iteh injects 1 ml Adren 
'1'i 1 lbbu through a wide bore needle into the heart U no numedute re 
- r u ui he irt letion is lound, h ml Adrciiilin 1 1000 is injected tinough the 
' lU id pi ice m the lie irt Tins dose lies so i n been suilieiuit in most 
0 h no pulse is palpable aite r one minute in iddition d 10 ml oi \dreii 
w, ‘ 1 * IbhO is injected 

'■ h tins tre itnieiit is instituted liter thin » minutes liter the eiruil i 
r irrist, tin result is most oltcii l return <ii In nt ntion m i p nieiit with 
* l ,r d d an i^c 


1 1 be uithor Inheres th it direet he lit missigt should onh he per 

' 1 m ease ■> wht re, due to the li itwic ol tin oper itioli this is the I isU r 

I •dim 


^ tmicMs the must import nit i ictoi m until itorv imst the mtlior he 
'’hi’ ih, most ripnl procedure should In thosen It is thouJit th it 
e dents ue si\eil b\ immedi iti mtru udiie injection ed 1 irgc d>sts 
,' r ' l ^ 1!1 umpired to tin numln r lost be e lrdi n m s- eoie minute 
1 1 r, hi> to \tutrn ul ir tihrill itioli 
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ATELECTASIS PHYSIOPATHOLOGY AND TREATMEX T 

VECUL REiEREg.CE TO ITS OCCURRENCE I\ BlLBVK PoLIOM'iLUTIS, USD TO V 
'5lW.tf.TED TllERVPmTIC AlD B\ THE INTR \BBO\CIII VE ADMIN IsTR VTION OF 

Tr\i*si\ 

Mokdvnt E Peck, M D vnd Stvnlev Llun MB B Cu (Rv\T>) se 

De \\ ER ( OLO 


A TH ICTASIS has long been recogiuzed as a pathologic process dianbe, 
m IS4G was able to collapse a lung 01 lobes oi 1 lung In direct liicchani- 
1 ‘1 obstruction ot a bronchus through cu ltion ot m irtihu tl plug with shot 
1 ” -um irdue 2 The writings ot Pastern 1 desetibe numerous c iscs which 
r * ultul irom parahsis ot the diaphiagin timing diphtheritic mlcctioii 
"tber uports line ippiaied in the litciatmc but it is onh within \cr\ ie- 
'cars that prictical ipplic ition tit this mioiin ition his led to more eii- 
i-lituiul methods ot theript Iiekson 1 ' m was the lust to eoinlite 

1 1 ‘blued and expeiinunt ll findings and suet t ssiulh to cure m atiketisis 
‘' brouehoseopie aspn ition ot i diphthciitn iiieinbiaiit Haight 1 * twehc 
'' r ' > Lter, stressetl the signilit mee ot iteliitisis is an etiedogie tutor in 
I “■'toiler line bioiichopmiimoni l Dining tin last w u puticulir progress 
1 't* oh toward the ^encril aw ireiuss oi this problem through the txpcri 
' '• “i lhiriord, ButbanK, Sampson*' ltid otlieis with tin iiuimitn wet lung 
Die recognition ot atelect isis is t signilie tlit compile ition m pohonneli- 
, ' ls ‘Do t uric recent Sutluil ind '* in l‘H > w es the first to mention eol- 

1 c "i the lung among the compile ttioiis oi this elise ise Regan, IJ eleven 

r ' liter, a_ mi reported liistniccs oi this oeeurreiiee subsequent!' 
’Ut\ \eirs el ipseel betore luithcr reieiiiiee w is mult to this p ltholo-ic 
1 ,,s vt this time, Coopersteiek’ elLsellsscd the condition ilid reeo„Ul/i d 

' 4 d'fimtc compile ition ot pnliomvclitis Peril ips the late to-.ni/uiicc 

, ' 1 " ,n |>be at 1011 Is due to till t let til It UliproV id c IU O' cl the 1 1st dt I ide 

( ulcribK decn ised the lintiit di ite mortilitv irom bulb ir polnuii'ili 

fcvnuisle the grnt majoritv ot these p itn uts eiid not liu longtimiuh 
' 'd* itehetisis blllcc the elle ot these pltlellts Ls still improving We 
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It would seem woith while, theiefore, to discuss the etiology ot atelectasis, 
and to emphasize particularly the problem as it piesents in patients with 
bulbai poliomyelitis 

PATHOPH A SIOLOGY 

Thiee major lequisites are neeessaiy foi development of atelectasis in a 
lung, lobe, or segment Fust, some mechanical cause foi obstiuction must be 
piesent Second, theie must be a sufficient cii dilation to allow absoiption 
of the an distal to the obstiuction Thud, theie must be no aecesson means 
±01 an entiy into the distal poition of the obstructed aiea 

Normally, the body guaids against the occui lence of atelectasis bj 
several physiological mechanisms Alteiation in any one of these tactois maj 
conti lbute to its occui lence 01 may influence the severity of lesulting signs 
and symptoms These tactois may be enumeiated as follow's (1) efficient 
ciliary action on a noirnal bionehial mucous membiane, (2) a noimal exudate 
fiom the bronchial mucosa, (3) an efficient collateial lespnation, (4) a 
noimally functioning piocess foi disposal of seeietions once the\ reach the 
pharynx, (5) an efficient cough mechanism, (6) absence of infection m the 
tiacheobionchial tiee 

Normally, seeietions aie lemoved by continuous cihaij' actiutj, to 
gether wnth the expulsive action of bionehial mspnatoiy and expnat ory 
movement The efliaiy action beguis pioxmial to the lespnaton bionchiolcs 
but in the pieseuee of alleigy, clnomc untation, chionic infection and asthma, 
a metaplasia of the ciliated epithelium may occui, 14 theiebv eliminating noi 
mal ciliary activity Undei such cncumstances abnoimal oi exccssne se 
cretions aie aided m then lemoval by the cough mechanism and bj Ivmphatic 
absoiption 

The effectiveness of ciliary action depends to a laige extent on the ms 
eosity ot the seeietions The bionehial glands seciete both mucin and scions 
fluid Buhrmester 3 has demonsti ated that there is a dnect lelationship be 
tween the mucin content and the Mscositj ot seeietions In the pieseuee ot 
chionic nutation, inflammation, oi alleigy, theie is an increased pi eduction 
ot mucin w'lth consequent mciease in nscositj and adhesneness ot the sccie 
tions Dehydiation also will lead to an increased mucin content bimdaihr 
the type ot intectmg oiganism piesent m the seeietions is a consideration ni 
some instances Foi example, pncumocoecic sputum is extremelj uscous 
It is also woith lecogiuzing that sputum coughed up is not necessanh an m 
dex ot the type ot bionehial mucus oi exudate occluding a segment oi him-’ 
It may lathei lepiesent an occiflow tiom the mouth ot the bionchus ot die ai 
tected lobe, e\en though the bionchus itselt is complete!) occluded I uitliei, the 
concept of obstruction ot the laige bionchi b\ disci etc, esscntialh sola 
plugs is iaiel} tound in actual practice Instead, the occlusion of small 
bionchi and bioneluoles by nscid seeietions is moie geneialK seen 

The thud tactor in this series ot mechanisms is an eflicient collatcia 
respiration Otherwise one would expect segmental oi subsegment d ateketa 
sis to occur moie commonl) This is especially true in poliomyelxtis, where 
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mge; and small bronchi are oltcu hlled with mucus which iua\ be picsent 
u ne time beioie being suctioned off, u iemo\ed at all .Moreoeei it this weie 
not the situation, one would expect e\er\ bionclntis to lead to a spreading 
latche atelectasis b\ the plugging ot the smallei bionchi therein presenting 
the passage ot an to the distal portions of the segment Gentralh an distal 
t" ilc ob'luKtioii lan assist in tl t t'puh.on m mucus plugs m the ut ot 
< augliing, thus pi eventing ee entual suffocation 13 

The CMsttiitc ot collateial lespnation w is discorticd In Van Mien in 
11110 in assotiation with Adams and Lindskog It liiijilies that the pul- 
U'mar\ lobules are not uid oigatis rioni the standpoint ot until ltion 1 It 
been demonstrated that attei the eliioct bionclual route ten ail is ob- 
'iruacd irtifiei ilh, time still exists in indue et and peiipheial route toi i \- 
| lnn,'s and maintainanee ot at i ition Horn id) itent emulated segments 
HuAeur, obstruction of a mam bronchus would pic \cut .111 110m entcimg m 
fiitire lobe, and theretore such collateial \eiitil ition would not occiu Since 
c *11 itt r il respir ition is not dependent on eollitci il tin ul ition it tends to 
" U1 tin incidence ot obstiuctiec itdecttsis ccpuli/c piessuie ch mge s in 
t 1- ! Inn., et|iuli 7 c aheolu g,is tension ot () iml ( () me! pmeidc 1 11101 c 11111- 
bnn ow ye nation ot \enous blooil 'Huh is some c side lice to show th it the 
1 ais 01 Kolm, small .matomic dc let ts in tin iheoln w ills 1111\ pio\nh 1 lit, 
route mr such e sell mge 


Ibc cough tueeli mism is 111 itsch cKpcuclcut cm m m\ tutors I’u-st the 
duliu ui ih c 11 spa itore muscles to tunc turn second the picstiue ot 111 in 
>ht lung tissue, thud, the alnlite ot tlu glottis to open uul c lose iml toutlh, 
1 *e presence 01 1 noun il cc 11U il e ough «t nt« 1 t tunc t ion ill it is not w c 11 mi 
•h rstood 


( u nbechu,~ J in It)AT, showed eh ul\ th it diumg lesjm ition the iiioiielu 
*beir caliber, being In gel dining liispn ition md sm die 1 dunn_ i\ 
inition liccelit 1\ l)i Hien/o 1 ’ b is 11 ill 111 lilt d t hose obse I \ It lolls 1 I out 1 In se 
"dies it his lie e il eoueeind ill it i e ougli is i dv ti mile lei ot the mm oils 
1 diniiL th it e\pels ill Ol sc < letlolls In III! ills til i hull spt cd pc 11st ill Ic 
Jm - "ri.muing m llu sm ill In out hi mil nidm. m tin In mix Ibis is 
1 Jl ' 1 P urn d be the h irmoiin nnneimnt ol tin inmtiond sphnutets tins 
, '' l ‘tie lirmithi il w ne m n in itsi li none dong st c it turns Imt tin .n in 
' r itluii distil to tin. see let lolls tin nliili cltectlXi will the eotl.li In in 


"' ln ' 111,1 ohstI lie tlull \g llll iliinii 111 ll pallium n \ e olidlt tons Sin ll is 

'"i "r hreiiie lin et isis will i ium iVomu o e mnul it ion ol seinliotis 

1 1 Hill rie re lie e with these d\II Unit 111 olle 111 ll p! ope i tie > 

1’ diiiiin, litis, tin eou.h linihmisiii n ie In imp tin d mini >,ni: lie 
‘‘Herith 1)\ pirihsis ot tlu luilse le S me ole e il sue ll u> t he dl ph . 

1 d md inti roost il muse h s \Imi p u de sis the 1 ire ti\ e ill p • , nt 

, , * dslu. lion md ul,llll lion i * i tli » mj i 111 s\.i{ \ jtj 1 , iiu*l j j» 

' 1 mtt itlmr u ie uul mti ipi ! u i ne j r« -su i n pn e 1 i i t 

' >’u l*i or broiu In d drum.i mu ■ ne,,, >iii' t , j ,,n' , , tl 


* 1 'Ulmrespi u, re polu'iue , h, s i s d! , 1 o ndui 



G 22 


THE JOLRXXL OP THORACIC SURGERX 


and mobility of the bronchi Also, a reduction m utal capacity lull vitiate 
against an effective cough s 

A defeetn e 01 absent cough m the poliomyehtic patient is usually accom¬ 
panied by difficulty in disposing of secretions once they have reached the 
pharynx or throat, and these eases requne prompt suction foi the lemo'al of 
these secietious Smnlaih, m those patients with tiacheostomies, any dclai 
in aspnation from the tiachea may lead to further stagnation of the secretions 
uith consequent mciease m 'lseosityq or to subsequent lemhalation of the 
secietious into distal bionehi 01 bionehioles 

The obstiueting agent in poliomyelitis is eithei fiom bionchial secietious 
01 tiom aspnated exogenous material In either ease, this maternal is infected 
and the seventy of the atelectasis will to a gieat extent be dependent upon 
the degiee of infection piesent Coryllos 0 placed a steiile obstiueting balloon 
into the bionehi of dogs and left it theie for sixteen to twenty-foui horns 
Duiing this penod atelectasis ensued, with sbght fe'ei, mcieased lespuation 
cough, and typical ladiogiaphie findings Aftei lemoial of the balloon, 
giadual leaeiation in horn sixteen to twenty-foui hours took place AYhen 
the bionchus was obstiucted with an infected balloon 01 with plugs of sputum 
containing baetena of inlying vnulence, it was noted that the seienty of 
simptoms as well as the mortality laned with the vnulence of the oiganisms 
Moieoiei, the infection seemed to spread tiom the site of obstruction tlnough 
the bionchial lymphatics and into the distal lung parenchyma, setting up a 
consolidated segment which could lead to abscess formation 01 e'en gangiene 
If infection set in, the possibility of leaeiation became less, even though the 
pnmaiv obstiueting factoi was lemoved It is accepted, howetei, that a 
'unable amount ot al'eolai exudate is absoibed from the lungs o'er a period 
ot time Head 13 states that when the paienchyma distal to an obstiucted seg¬ 
ment 01 lobule becomes opaque on x-iay r film, it does so because ot consolida¬ 
tion and not piimanly because of airlessness In poliomyelitis, atelectasis 
often follows intentions of the uppei lespnatoiy tiact, and the implication ot 
this as far as the application of theiapy is ob'ious Again the atelectasis mo' 
be slow oi lapid, with oi without ob'ious signs and symptoms (see Case 2) 

The length ot time a segment of lung may lemani collapsed, and yet still 
be reaeiated, is a debatable point, but in geneial depends on the presence and 
degiee ot infection Undti 'igoious antibiotic theiapy, infection to all m 
tents md puiposes mac be eliminated, and with the removal of the obstuict 
ing agent, complete reabsoiption ot the parenchimatous exudate ma' taht 
place within a short time As caily as 1903 Ascoli and associates' and lata 
Bittort* obseried that liquefaction ot parenchymatous exudate "as gieat ' 
aided In the libeiation ot two proteolytic enzymes from the white blood cc s 
m the exudate If miection occuis m the distal segment, irre\ersible pat o 
logic ch inges mnv appear within a shoit while It infection has not occurru , 
mil it is otten difficult to determine this, rc expansion may be obtained alter 
m my mouths, it not longei 



PFCk WD 1 L\IN VrHFCTVSls 623 

thf.ii vp v 

Tlic understanding ot the aho\e lactois m the etiology and pathogenesis ot 
- Jo tjbh illows tormulation ot a reasonable appioach to theiapv Generalh, 
"<■ lault docs not he with a single tactor but mote ottui is due to a combination 
si >■ \cral or .ill of them It is the lare case where one can remote a single ob- 
,r u<noil or plug, and tollowmg this hate the lung return to normal Such an 
’■'a.nplc Li the remotal ot a loieign bodt soon alter its aspiration In lespiia 
»rv iKilionit elitis cases there mat be a combination ot diminished resjnratoiv 
1'iij.tioii, abiuit or defective cough niahihti to dispose ot phaitngcal seere- 
hnni llmormal bronchial secretions m qumtitv and qualitv plies respn itort 
i iicctnui Ono sometimes finds that these patients mat also hate had asthma 
" iluonic bronchitis, which has led to a damaged biomhnl mucous meniln me 
hi wuh c lies there is generally need loi moie than simple aspiration ot the 
hr.cr bronchi, although raitlt spout nieous lecotert without am specific thei- 
I’ inn ouur (’ooperstot k" reports that thici ot Ins tour cases cleared on 
*h nulamidc thciapt alone ’We hate bad one instance in which le expansion 
' mrred Inc months attci dctelopuient eil i light upper lobe iteicct isis 

hint methods hate been desciibcd toi the prophtlaxis ot this condition 
bn ithnig exercises iiih.il ition ot high lomtntr ition ot CO : and mtri- 
c u "Us iodide thenpt), but these methods aie use nil m short term thcrapt such 
1 hotopi ratiti st ites In genet il then ire impnetic ilile in the chronic polio 
•niliui in tin. lcspnatoii poliomtclitic intermittent positive piesstire tlier- 
1' and tin osiiUiinig bed lute been adtoc ited lmt proot ot their citcctitciicss 
’ i "i uintuti ma 

11" mnugimcnt ot the p it ic nt who his developed atelectasis should he 
,|lt "t>dat satLsi\mg the tollowmg toiiditions (1) remov d oi the obstructing 
- Ml1 y~) loostimig and removal ot vinid bronchi il secretions (3) cst lblub 
'i' 1 "i in iitnniu mil itci.d lcspiritioii (4i ml in tlie removal ot the vlschI 
1 1 ‘1 tnd phuvnged seditions (I) assist nice in the securing ot a good 

-h (6 tre itiuent ot mv linipnnt micctioii 
i , fiiain lion iipn ispn it loll as unite ited ibovc does not ntccssarilv remove 
j 11 ' i' ritiims m the sin filer bruntlu md bruin limits but bv opening up the 

r - r piuxiind mil segimntil brim lies ilhavs toll ltd il rt spn ition to be 

I dlshe, J t)| H i Mitt loll III these brum 111 h is In e 11 periorilled llisulll Itloll 
u! "'‘d lung with oxv^eii under sluht pussiire Uiumgh the briiHebe.seopc 

I I m tlilU sonic nr into the dist il iibsii m ted ire is 

^ l '‘ tins ut lull, st Hiding III iv be tided t omnie r iblv bv Iik selling eit the 
^ Id *»Iis It the l Hid |ss ii l lies idvili lit tin me nl mdl'h i villi ll 
11 nulls,r lie il I Xpe nun Ut lllv Will Hide le ill IliuUMt nl s, fulls e XU 
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antiobiotics with 1 to 2 Gin of sodium iodide mtiaienousl) twice n d.n loi 3 to 
4 dais aitei onset ot the atelectasis These patients weie ambulated earh and 
encouraged to cough By this means the condition eleaied within twenti-tour 
to foity-eight hours Geneially, m the polioim elitie patient this therapi is not 
advisable, as it onh will increase the amount ot seeietion with which the patient 
is alieady having difficult} The same would apply to aeiosol therapi with 
antispasmodies, which Clnistie and eo-workers’ have found so eftectne m their 
eases They report that the aeiosol inhalation ot 1 pei cent epinephrine and 
1 pei cent ephedime (in a propoition ot 1 9), oi Neo-Svnephime the to eight 
times a day, leleases bionehospasm The patient, it then gnen an expectoiant 
mixture to loosen up seeietions, can otten nd lnmselt ot all secretions and ic 
lie\e the atelectasis 


Recently there has been considerable inteiest m the use oi carious euzj 
matie agents foi physiologic debudement Theie aie cuirentl) acailable 
thiee such pioduets Ticptai,* Yaiidase,f and CaioidJ Muenstei and asso¬ 
ciates 1 ' hace lecently xepoited on the successful mtiabionchial instillation ot 
stieptolonase aud streptodomase m a long-standing ease of atelectasis Theie 
was no dealing of a left lowei lobe atelectasis iollowmg thiee bionchoscopies, 
so one month latei the) r instilled 20,000 units of stieptokinase plus 9,500 units 
ot stieptodornase in 5 ec ot solution into the left lowei lobe lnonehus The 
patient zesponded by coughing up thin water) seeietions The pioceduie was 
repeated the following day with double the aboce dosages, and, on bionchos- 
copy, it was noted that theie was no mucosal change Theie was a sbght ele 
cation of tempeiatuie, and on the thud day theie was clinical and ladmlugi 
cal unproi enient following the coughing up ot these seeietions 

The pioduct Tiyptai has attiaeted oiu attention toi two leasons, (1) 
it is an enzyme occuiiing noimally in the human body, and (2) theie is witlnn 
normally licing human cells an antitiypsinoginase wduch eftectnel) prcients 
its action except on dead or injured tissues Imestigntion has also demon 
stiated that mucoid matenal fiom man is effectnely dissohed b) the action 
ot tijpsm Such phisiologic actmtj seemed to us to justit) the application 
ot purified eiistallme tnpsin to the management ot ceitain difficult cases ot 
chronic atelectasis umelieied b) the usual methods ot theiapy Ideal cumh 
dates toi such a stud) aie those patients with se\eie bulbar polionnelitis who 
secondarily deielop persistent atelectasis 

Koettig and associates 20 lepoited on the use ot tripsin in chest diseases 
aud noted that otiiei than a histamine like leaction which occuried with the 
mtrapleiual injection ot this substance in cases ot empjema, and which could 
be pre\ented by adequate antihistamimc tlierap), the pioceduie was rcl i 
ti\el) sate The) also lound that in tubeiudosis empjemati, the ninnbu oi 
tubeide bacilli rapidl) dccieased It has been postulated that this uia) he 

• Vrmour Laborator} s pripar itlon of purified crjstalline tr>psln < rattful 
mint Is made to this organization for suppljinff this material as used in ttic curucaj 
experimental oba<_r\atton3 

fLederie Laboratory a preparation of streptokinase streptodomasu 
^American Ferment Company a preparation of the \cgetable enzymea pipaya 
papa>atln obtained b> fermentation from Carlca Papa>a. 
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1 i<j the action or mpsm on the tubercle capsule therein makni'a the or 
u r a susceptible to oidniai\ antibiotics 11 Roettnr treated 10 cases b\ 

- n ol tripsin, •'mnir 100 m;a m 2 c c ot 'sottiiscn s Phosphate Buttir solution 
i u tda\ He noted a decrease in the \iscositi oi sun.nous and sputum hut 
’’t'e iases did dccelop a slnrht nutation ot the tiailKohromlnnl me as well 
'’ur-uKss \Y<_ have frinn tnpstn tndohromhialh to lour patients with 
' ’'iti-i- two ot whom had poliomnlitis Thtse polmnnclitic patients were 
uruulh fleeted heeause oi the scimti ut their basic patholoai and because 
1 or prognosis seemed so pool without the aul oi something mole defamtne 
win.' accomplished, bromhosioin alone ha\imr laihd to iemo\e the obstruinon 
1 must uist inns thcrapi was carried out while the patient was in the 2donairhan 
i'1'iritnr liuti dl\ sm ill doses ot Ireptai weie utilized hut <e» confidence 
'i the procedure increased a stand ml dilution w is established This eon 
't d oi 2)0 ilea ot tripsin in 'ice ot Sorensen s Phosphate Butter solution 
The proecdure Used was to plate the pitient in a scmireelinin^ position 
i d",at detinea mil propped it about 10 dcaitcs with the atTeitcd side 
1 a rhe bronchoscope was then nittoduied ind ill endohronchi il seerc 
1 '>!•■ jspn (ted irom both mini stem hionthi mil all orifices Subseipicnth 
' kromhostupc was passed into the main sttm bronehiLs oi tlu dependent 
' ,r 'P sl » solution w is slowh introduced tluou-rh the bruieh owireii inlet 
’flu hroin hoscope P»\ slow introduction tlu mpsin w is aspir ited into ill 
'- 1 mill hrolulnal ontiets The scope w is then rciuoud md the patient 
'"'"l to mu tm hi the s mu position tor oiu Imm Hit bronchoscope w is 
" i- mi introduced md ill secretions eompletth lspirited 
hronc hose op\ in oiu polionn e lit le pitmits Ins not n<iuirtd mesthesii 
c tin \ ill h i\ e h id ti it he ostomies 

l,l( "• the III ijor plohlellLs 111 the re spil itori poliollic e lit le lli\ lllel Is the 
d'llin to eou.'li tflit iiiith in onltr to limit; up m\ secretions Pnruh md 
1 1 1 Ues lie scribe the use oi me Wirt! itoi W hie ll e 111 be id ipte d to the t ink 

l' rnpiritor or to i pnvain hood man which a hi.h minim tlow rite 
1 | durin.' e \pn it nm e ill be llllleMil llld wllleh Wollld be tc|UU lie lit to i 
,r ‘teU \i. oioiis eouali 1 his is clone b\ tin ir tdu d withdriw il oi nr 
d e i"-iti\e pressiin oi deoiit 4U mm 11a is obt mud uni then sudeUiiK 
ai. th, pre \^ur, sc, th it it rues to itinosphe rie pressure within i 0 01 
^ rite is set irom sl\ to el.llt times 1 111 lltllt> to prilcllt hiper 

' 1 11 ■ Itll the pre sslire s Use d llld to pre \ e lit imp 11 rule lit "1 e mil le out 

l Us hl.h de .let ot Hill it loll ol the lull a p "dlle e d lie ill mill 11. Ill . i 
' " 1:i h is the idde <1 e He I t ot linn Nil. the ill tine te r ot brnlli 111 i id 
1 1 *’ ’ 'h< pl'siae Ol ur liCoIld llli eibst n I 1 III. lime 111 or 'lie's 

1 M ^ l lie 1 e sill, tile elteetl 'll'es e»* the eNplt 1 nTl iellSt l l pllshln ^ 

is mt,, th, J i^,r broiu lit t r u lu i md pli it \ u\ It u sit. .t ste ei 

' i \t e. urs, s ot tri itnie it ot mi' h il, hour <1 , t - t e . , i 
i > pi r 1 1 t > ii i iinpli.il 11 'up! i ti irci'ii > t'i!ii_,ii}il 

' >1 tsls 4 lie pi • i i dm i sstip'il till! Dill ,1 * 

i »" Is 1 \ Sill n 1 
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Peihaps the use ot this exsuffiatoi following entlobionchial instillation ot 
tiypsm would aid gieatly in the handling of cases of long standing atelectasis 

Finally, one must coutiol infection It has been our policy to treat am 
uppei 01 lowei lespnatoiy tiact infection m oui poliomjelitic cases vigor 
ously with antibiotics, and m the eventuality ot a suspected 01 proved at elec 
tasis to give laige doses of penicillin If thioat 01 laiyngeal cultuies demon 
stiate oiganisms that may be moie sensitne to othei antibiotics, these maj 
also be used 

The suctioning aud aid to the patient m the removal of secietions tiom 
the uppei lespnatoiy tiact is pait and paicel of normal musing, but, follow 
mg attempts to lelieie an atelectasis as descubed above, particularly after the 
instillation of tiypsm 01 othei diugs which loosen 01 stimulate secietions, spe 
eial attention and lepeated suctioning toi some time will be necessaiy 

Following the bionchoscopie aspnation and othei theiapy achocated, wc 
feel that the encouragement of deep bieathmg eithei by means of strong le 
spnatory pressures, 01 , bettei still, by means of a positive piessuie appaiatus 
foi ten to thnty minutes thiee to five times a day is useful, paitienlaily if one 
piecedes this by puor antispasmodie aeiosol theiapy In oui wards we have 
found Isypiel, fire diops m 20 diops saline given as an aerosol thiougli the 
oxygen tubing, paitieulaily useful The exsuffiatoi, if available, could be used 
daily, and should be a gieat help m the pievention ot respnatoiy comphui 
tions in poliomyelitis 

The following tw r o case lepoits illastiate the use of tij'psm instilled endo 
bionchially in cases ot chionic atelectasis 

C4SE REPORTS 

Cvse 1—B S, a 31 'ear old white woman, was admitted to Colorado General Hospit il 
on Nov 5, 1950, with acute bulbar spinal polimoyehtis Following admission she was placed 
in a respirator, and during the next five month period her condition impro'cd sufficiently to 
that she could be gradually weaned from auxibary respiratory aid Examination on dis 
charge from the hospital revealed a severe paralysis of all four extremities, but most marked 
in the arms There was some weakness of the abdominal and back muscles, and there was sh 0 ht 
weakness of the lett diaphragm, the right diaphragm was paralyzed, and there was severe 
we iknc'3 of all intercostal muscles She weighed at this time about 75 pounds Past lnstorv 
revealed that she had suffered from bronchial asthma for many years, apparently nggra'ated 
by her social environment The patient did not have any attacks of asthma yvlnle in the 
hospital, but described such episodes on the few occasions when she ivus home on weekend 
len\e On Jnn 10, 1952, the patient had a rather seycre asthmatic attack She was ho pital 
lzed in her home community and treated with oxygen and autiasthmntie drugs without an' 
benclit Subsequently, she was ngain transferred to Colorado General Hospital where cxarai 
uatiou revealcHl an extremely apprehensive and anxious patieut in spite of previous large 
doses of sedatives Her respirations were rapid and shallow, and she complained of dyspnea 
with difficulty in breathing There was very little movement ot the chest cage, and all res 
piration seemed mainly left abdominal Bruith sounds were diminished over the entire che-t, 
mil wtro ab-uit over the right lower chest Very few rhouilii or ribs were ludiblc It was 
felt tint the pita nt w is not hiving an asthmatic nt t ich, but hud developed a ri D ht lower 
lobe lteleetnais Fluoroscopy w is performed and revealed atelectasis of the middle lobe and 
portions of the right lower lobe (Fig 1) The piticnt continued to develop increasing 
dv-pnea ami -eeiued unable to di^po^e of the iceuinulating secretions Colletqucntlv, two 



PECK VKD LE\LN* \TELECT\SI5 


G27 


-u > Jj ung admission, a tracheostome was performed Umost irumcdiatele her color 
_,r i 1, but her breathing rem lined labored She was placed in an Emerson respirator and 
' r _ ‘ v hours eaeh dav on the Oscilliting bed This treitnieut was supple mental until anti 
' i 3 url intermittent positive pre^ure oxe 0 cn. ''lie aLo reaeiveal aerosol Isvprcl and 
, ad lramagc However, her condition did not improve on this • nn-irtative management 
' < ^tinned to run a low „rudc lever and to have duhculte carreau,, on respiration without 
-.1 On Januare 10, bronchoscope teas performed iti 0 d) Ml m gmental onnees were 
1 reel and noted to be norm il There was some accumulated secretion in the lett lower 
c in. e whieh w us i-piratcd The bromhos ope was removed to the canna where, under 
, He pre _urc oeagen the lungs Were lnllateal ''ub'equentle there evas no change in the 
r -i J or roent„eiiolo 0 ical ltndin 0 s or the patient On Januare do a repeat bronchoscope 
-.'[erformed 11 The right m un bronchus below the level ot the upper lobe bron 

' - vs found to Ih. parti ille iks luded be a 1 ir„c quantite ot tlinh white mucoid ceere 
- This material ev is aspirated is tulle a~ pos'ibh 'O that the middle ind lower lobe 
ea vuuld t» will vistialucd \^ain there ee is no lmproeeiiunt elmiealle or radio 
s i, hi allc 1’ronehosi ope was ag nn rept ited on T vnuare 0 \ lar„e thick plug ot 
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One hour later bronchoscope receulcd small amounts of much less \iscid secretion m the 
right main and lower lobe bionclu This was aspirated so tint all orifices were ob-erced 
unobstructed be nn> secretions The patient tolerated the procedure well, uml •mb.e 
quentlc seemed somewhat improeed chnicalh riuoroscopc recenled apparent clearing of 
the right middle lobe without change in the appearance of the right lower lobe The same 
procedure was earned out again on Fob 7 On this occasion a small amount of thick 

mucoid secretion was obscrced in the right upper lobe orifice and right mam stem bronchus 

just below the middle lobe orifice Jcone of the lobar bronchi appeared to be occluded, 
howecer One hour following the introduction of 125 mg of Trvptar a small amount of 
froth} mucoid secretion was seen in the right lower lobe bronchus This was aspirated 

well, after which a good blast of ur was obtained from beeond this area Chnicalh, the 



Pit . — Rocntgcnogr ini Jen 1C 195.’ taken follow lng bronchoscopj rccculs a persistent 
atelectasis of tlie right lower lobe 

Fig J-—Roentgenogram Jan J5 19aJ taken following second bronchoscop> rccea s 
Improc ement In atelectatic process 

patient showed no change in phesictl M„iis o\cr the precious procedure On hebruure 11 
the patient teas hronehoscoped once more and n„ mi a lar„c iinount of thick ertume \c 
loecish "ccrctiou w is found in the n„ht bronchus this ecus ig tin aspirated and on t 
occasion _’50 mg of Trcptir in 5 < . of v 'orcnscn s Phosphate lJnlTer solution were mjc Us 
'locclc into the ri„ht brom hus One hour 1 ilcr i <oii'idcruble rjiiuntitc ot thin cc ilerc mucin 
sccrctiou ecus rcmoccd This ippe ired to la coming from the ri„ht locccr lobe 1 he °i 1 
ion ecus expressed th it the piticiit’s bronchi ll tree had shown considerable linprocemeut 
duriu-, the recent courses ot therape with Trcplir Koent 0 eno 0 raphic ex immation ot tie 



IKK t\l> IHIN VlUH'fl'h 




- • hi iebrnart 15 dj 'hotted no etidune iiliit-umr ui iIlIi > t tsi-, iml elmi 

ailt the p mint ttn mudi improtid bluoro'tnpt mi bebruirt -2 revealed i panlt/ed 
"..it ill iphia„m with „ooil niDuuiint of tin. lett dt tplir i_m \ lu e o'tophienie 'inu-s on 
t' v rijit \ ui -.01111.1111 it ob'eured but the liin„ tt i- • b ir ll tt i-- li It th it 'lie li id 'unte 
-f -h plmntn tlm Ke iiin^ llierc tt i> p ir ido\n tl mini mint ot the r i_,lit diiphri„m 
-i and eoii^hm^ lhi' ius more m irked in the ireit thin in the 'Upme position 

Iln* pain nt was lirom ho'eoped «„ nil on Mirth 7 lit ninth time the ri^ht kronehus ip 
attd normal Jtocntneiio^riipliie e\anun ition at thi- tune u„ mi 'hotted no etidenee 
if ate lirpi h (Iri 5) 1 lie p itieilt tt 13 the n di-i ll ir„e d 
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hensive, and cyanotic He showed definite mental symptoms with facial griuiacin D uul 
profuse salivation These were attributed to cerebral hypoxia Since it was impossible to 
rernoie the patient from the respirator even momentarily, the clinical signs of atelectasis 
were difficult to evaluate It was felt, however, that this was the basic cause of the pa 
tient’s difficulty Deep tracheal suction was apparently inadequate 'therefore, hroa 
choscopy was performed and both mam stem brouclu were cleared of a large auiuut of 
mucopurulent sputum with resultant improvement m the patient’s aeration and color 
Three days later tins procedure was repeated and again revealed a large amount of mucous 
material particularly on the left side Removal of these mucus plugs resulted again in 
marked clinical improvement 



Fig G—Roentgenogram taken Xov 2G 1951 following the fourth bronchoscopy revcaU per 
slstent atelectasis of the left lower lobe. 

The patient showod little evidence of recovery from his paralyses during the nc<t 
two month period He was able to be out of the Emerson respirator for no longer than 
fifteen minutes Examination on these occasions rovealed dullness over both lower lun^, 
fields On Nov 16, 1951, the patient developed sudden difficulty in breathing udJ a rapiJ, 
thready pulse Roeutgenograplnc examination revealed haziness of the eutiro left lung 
field with some mediastinal shift to the lelt Broncboscopic aspiration was again per 
formed with subsequent improvement in the patient’s general clinical condition llireo 
davs later the patient was fluoroscoped and was observed to have hyperventilation ol the 
right lung There was some scoliosis with a concavity to the left Auscultation rcviak 
dullness over the left lower lung field It was felt that the nuletti'is contributed n> lar 0 l 
extent to the mnbilitv of the patient to remain out of a respirator Repeated broncho-cup 
on November 21 allowed aspiratioa of two small mucus plugs from the left lower bron 
chus, but tho patieut showed no clinical improvement (Fig b) V chest roentgeno 0 rnnii 
taken December 27, revealed atelectasis of tho left lower Jobe still present, with a niarht 
shift of the mediastinum and heart to tho left The right lung now showed definite ai 0 os 
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dvspneic, but he did complain ot slight pain in the left chest and some burning in the 
trachea He was immediately given 50 mg ot Benudrxl intra\cnousl\, and within two 
hours all symptoms had disappeared. Roentgenologic examination of the chest non •.honed 
that the entire upper lobe had cleared but that the atelectasis of the loner lobe remained 
Subsequently, roentgenograms on Januarv 31 (Fig S), February 2, ind Fcbruarx 4 did not 
reveal any further clearing of this area of atelectasis at the left base However, the pa 
tient was able to increase his period out of the respirator to as much as forte fixe nnnute«, 
and his general condition showed marked improxement One month later a roentgenogram 
revealed condensation of the atelectatic area of the left base, so that now thero existed onlx 
a small triangular shadoxv behind the heart (Fig 9) The impression was that there had 
been a marked improxement oxer the prexious roentgenograms On March 10 it was 
decided to bronchoscope the patient again and on this occasion to inject 250 nig of Trip 
tar Following this procedure, a considerable amount of thin, xxaterx mucous secretion 
was removed from the left lower lobe bronchus (Fig 10) During the following xveek the 
patient was able to increase the penod of time out of n respirator to as muih as one and 
one-half hours and m two weeks to ns much as three hours Roentgenograms have shown es 
sentiallx complete resolution of the r nwiiiing atelectatic irea (Fig 11) 



DIsCUsSION 

It would seem logical to assume that thiomc atelectasis should he ot 
tacked mote xigoioush liom 1 conxei votive standpoint bcfoie the stage is 
leichcd which will lequne l ulical xuigical ineasmes The use of the phvsio 
logic en/xntc, ti v p.xin appe us to offei this possihilitv Tiypxin has been 
shown to hue a imuohtic action m \itio and might leasonahlv be expecta 
to aid m the removal ot inspissated hiouchi.il secictioiis which have resulte 
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in. atelectasis Since it would not be expected to hate any effect on the bion- 
chial mucosa, local damage to the lespnatory tiee is not to be anticipated 
However, in the face of acute inflammation of the bionchial tree, some local 
tissue damage could occur We have shown that m tissue culture the fibim 
matux holding young fibioblasts together is dissolved and the cells aie killed 
by trypsin in laige dosage In the face of an acute inflammatory piocess 
trypsin could, therefore, lesult m local edema and supeifieial neciosis It 
would perhaps be best not to use the drug m cases of acute tiaeheobronclntis 
Experience has also taught us that it is contraindicated m tuberculosis it a 
bronchopleural fistula is present or if a fistula is opened as a result of tiypsin 
admimsti ation 



Fig 11—Roentgenogram April 29 1952 reveals essentials complete resolution of remaining 

atelectatic area 

Another soiuce of potential complication might be lelated to the rapid 
absoiption ot ti)psin into the blood m laige concentrations hom the pulino 
narj paienchyma It is oui feeling that theic is no dangei in this legaid ^ c 
have injected trypsin mto the heart chambers of animals (rats) m concentra 
tions equrvalent to and far abo\e that used chmeall), without an) evidence 
ot damage 01 of anaphe lactic 01 histamimc response Antitr) psinogennsc is 
present in the circulating blood and it is to be assumed that the actmt) ot 
ti)psin is destro)ed almost immediately 
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Wi assumed, thertiorc, ami ha\e .show n, that the proctduie of endobron- 
<_at administration ot tripsin is an mnouious one physiologically, and that 
orthy ot more thorough in\ estimation in earctullx selected oasts ot 
-iJim atelectasis due to bronchial obstiuctnm from inspissated mucoid ma- 
and Wt tecl that the problem ot atebctasis in bulbar poliomyelitis otters 
l e ideal situation m which this t\pc ot thti ip\ mnrht be bciielu.nl 

SUMM \K\ 

1 The phisioputholojn oi atdeet isis is renewed 

- The therape ot atelectasis ts considered pirtieularh m the patient 
ilh respiratory poliomyelitis 

1 The use ot trypsin by endobronchial installation is described as it Ins 
! ‘a U'ul m loosening t ho xiscid set ret ions oi p limits with atdcctasis 

1 Two cist reports are presented lUustratnnr the successful list ox this 
~ati rial m rtheniijj chronit attlettasis due to hi outbid and bromhiolir oh 
’-uttioii m patients with bull) ir poliomyelitis 

a It is urged that mrthtr experience be aetunml ited on the eiicctixtinss 
’* endobronchial tryp-un in rtheung iiersistuit ltelettasis in carefully 
' >-tid patients 
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typical of that found in the base of anj ulcer (Fig 3) The cells showed no mitotic 
activate, and it was thought that this tissue represented benign gastric mucosa with con 
sidernble cellular infiltration and reaction, and a degenerating ulcer membrane 

It was believed b) the surgeon that the lung tumor was probable metastatic from a 
malignant process in the stomach It was decided that the lung be explored first V 
thoracotomx recealed a firm mass palpable in the lower lobe of the nght lung There 
were no adhesions present, but the tumor was firrnlx encapsulated There were no other 
tumors found A right lower lobcctomc was performed. Microscopic examination of the 



_ 

Hb 5 —Microscopic section of stomach atter subtotal gostrectom) showing change Identic.)! 
to that of the lung tumor— Ijniplionia. 

tumor showed that it consisted almost complete!' of round cells without stroma (h„ 

It was belieted that this was probable a benign I'mphoma, and the ulcer of t le s 
was benign and not connected with the lung lesion or related to it ill 

The patient made an uneventful recotere Her gastrointestinal swnptoms su si m 
D uring her convalescence a gastruacopic examination uas done and anot tr 
roentgenogram made Both showed remarkable and complete healing of the riL L 
Kepoatcd roentgenograms throughout l r, 50 and 2951 phoned no ricurruncc 
and the ihe*t remained clear 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 

The 33rd annual meeting of the American Association for Thoracic Surgerj will be 
held March 27, 28, and 30, 1953, in San Francisco, Calif Headquarters will bo at the 
Hotel Fairmont Suitable accommodations also have been reserved at near bj hotels, the 
Mark Hopkins, the Huntington and the Sir Francis Drake 


Requests for Hotel Reservations 

These should be mailed to Dr H Brodie Stephens, Chairman of Hotel Committee, 
American Association for Thoracic Surgerj, Room 200, 61 Grove St, San Francisco 2, 
Calif The following information must be included (1) two choices of hotels, (2) tjpe 
of accommodation desired—single, double, twin, room or suite, (3) name of other room 
occupants, if anj, whethor wife or another doctor, (4) date and approximate hour of 
arrival, (5) date of departure, (6) return address 


Abstracts for Papers 

Abstracts for the presentation of papers at the 1053 meeting must be recened on or 
before Dec 1, 1952, otherwise they will not be considered by the Program Committee 
Five, repeat, five copies of each abstract should be sent to the Secretary of the Association, 
Dr Paul C Samson, 2938 McClure St, Oakland 9, Calif They should not be sent to the 
Editor 

The abstracts should contain from 200 to 250 words, and should accuratelj reflect tho 
contents of the completed paper 


Applications for Membership 

Applications for Associate Membership in the American Association for Thoracic 
Surgerj must be received bj the Membership Committed not later than December 1, 19o-j 
to be considered for action at the meeting in San Francisco m March, 1953 Applications 
received on a date beyond that deadline must be deferred for consideration until 1951 

Applicants must be sponsored bj three Active or Senior Members of the Association 
In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to the Chairman of tho Membership Com 
mittee These regulations aro at tho direction of the Council and were made effective at 
the meeting m Dallas in 1952 

Completed application forms should be sent to tho Chairman of the Membership 
Committee Edward M Kent, if D, 1406 Clark Building, Pittsburgh 22, Pa 
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Bronchopleural fistula following resection for 
tuberculosis, complications and re 
suits of treatment of (Murphy, 
Becker, and Swindell), 578 

Bronchus, fibrosarcoma of—report of three 
cases diagnosed by bronchoscopy 
and treated by resection (Storey), 
16 

Burdette, Walter J Induced pulmonary 
tumors, 427 

Burke, Donald R (with Hanlon, C Bollins, 
and Snbiston, David G, Jr ) Ex 
permiental pulmonary venous occlu 
sion, 190 

Butsch, 1\ infield L (with Mendez, Fernando 
L, Jr, and Leahy, Leon J) Some 
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Carcinoma, a product of multiple sites of 
origin, bronchiogenic (McGrath, 
Gall, and Kessler), 271 
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231 
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88 
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Rae), 93 
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and Ziffren), 346 
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plicating (Gore and Lam), 43 
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